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Exec Summary

Executive Summary: The Intelligence Era of Construction

The global construction industry is at a $15 trillion inflection point. While contributing over 13% of annual
GDP, the sector has long been defined by structural mismatches: cost overruns, schedule delays, safety
incidents, and persistently low productivity growth. Historically, the "intelligence" of a project, the judgment
and intuition required to navigate complex, irreversible decisions, has resided within human experts rather
than systems. When these key individuals retire or move to competitors, the expertise is lost.

Al is finally enabling the creation of a durable, scalable intelligence layer supported by structural shifts in
compute costs, data convergence, and cloud infrastructure. The industry has already successfully built a
"digital record layer" through BIM, project management software, and reality capture and the next wave of
transformation will use these systems so that they don’t just store information, but learn from it to predict
risks, optimize decisions, and complete tasks.

Two Pillars of the Next Wave

e Agentic Al: Moving beyond simple "copilots" that summarize text, agentic systems take context-
aware, bounded actions inside workflows. These orchestrate end-to-end tasks by planning steps,
interacting with software tools, and routing to humans for verification.

e Platformization: The industry is moving away from fragmented "point solutions" toward unified
operating systems. These platforms allow design changes to propagate automatically from
updated drawings to revised quantities, procurement actions, and field execution plans.

Strategic Challenges to Adoption

Transformation and adoption of Al is not automatic. It is currently constrained by several critical factors:

e Organizational Readiness: Most firms face a significant skills gap and a lack of "Al literacy,"
which increases implementation risk and the likelihood of errors like "hallucinations”.

e Labor Shortages: The industry faces a shortage exceeding 500,000 positions in the U.S. alone,
making the specialized expertise required for Al infrastructure projects even harder to secure.

e Physical Constraints: High-intensity Al workloads are driving massive demand for data centers,
leading to energy bottlenecks, water stress, and rising local opposition.

The New Moat: Defensibility in a Generative World

In an era where Al can write code, software "features" are no longer defensible. For startups and
incumbents alike, a competitive advantage now depends on:

e Owning the Authoring Layer: Capturing data at the moment of creation (e.g., through voice,
images, or site interactions) rather than analyzing it after it has been entered into secondary tools.

e Workflow Substitution: Systems that replace the need to open a tool entirely by owning the final
outcome, such as filing a permit or updating a schedule, rather than merely augmenting a task.

Firms that can standardize their data, adopt policy-based governance, and deploy agents in high-
leverage workflows today will see compounding gains in productivity and margin.
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Al FOR CONSTRUCTION - INDUSTRY REPORT

For decades, the question was not whether Al would transform major industries, but when. With the
emergence of transformer neural networks and the rapid adoption of large language models, that
inflection point has arrived. And for the $15 trillion global construction industry, which contributes more
than 13% of annual GDP, this shift has profound implications.

Construction project execution has long relied on manual coordination across design, site operations,
procurement, and commercial management, supported by static plans and siloed data systems. Decision
making is distributed, time sensitive, and often irreversible, yet information is fragmented across tools and
teams.

This structural mismatch has produced familiar outcomes: cost overruns, schedule delays, rework, safety
incidents, and persistently low productivity growth relative to other industrial sectors. These challenges
are not caused by a lack of effort or expertise, but by the absence of a scalable intelligence layer capable
of connecting data, surfacing risk, and supporting decisions as work unfolds.

But within this inefficiency lies opportunity.

Digitization is accelerating, with the industry having developed a digital record layer with BIM files, project
management software, reality capture and the like. What it has lacked is an intelligence layer. This is a
system that doesn’t just store information but learns from it, predicts risks and optimizes decisions and
completes tasks.

Historically, this intelligence layer has lived inside people rather than systems. It sits in the judgment,
intuition, and lived experience of project teams, and is easily lost when key individuals retire or move to
competitors.

Al changes this dynamic. Advances in machine learning now make it possible to capture, retain, and
apply this intelligence at scale, shifting it from a fragile human asset into a durable technological capability
that is no longer theoretical but already emerging in practice.

And it’s occurring due to three structural shifts:

1. Compute costs have fallen by an order of magnitude
What once required specialised supercomputers and research lab budgets is now commoditized
with off-the-shelf graphical processing units (GPUs) from hyperscales like Amazon Web Services,
Microsoft Azure and Google Cloud. It means the cost to train a large model has dropped by 70%
year on year with improvements in hardware making the technology accessible to the mid market,
not just large enterprises.

2. Data intelligence can now emerge
Every technology innovation in construction has led to another layer of siloed data from BIM
models, reality capture, project management systems living within each tech provider's
ecosystem. Al can now provide real value by offering a true intelligence layer, able to connect
disparate datasets to provide a live picture of how construction actually operates.

3. Cloud and edge infrastructure offer immediate benefits
On site edge devices can process data locally, detecting hazards or deviations with real time
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notifications, not requiring high bandwidth connectivity which often isn’t present on construction
sites. Meanwhile cloud orchestration capabilities allows for centralized learning and decentralized
inference meaning insights from one project can update the enterprise model and be pushed to
each project site automatically, ensuring lessons learned are distributed and operationalized in
real time.

These changes create an opportunity for construction and we are seeing momentum in the industry.

Large contractors aren’t just experimenting but are deploying solutions throughout the organization with
smaller firms following fast as the cost is increasingly accessible.

At Zacua, we see this as a generational opportunity.

In this report we will outline the trends and tailwinds accelerating Al in construction, assess the current
state across the value chain and where we are seeing innovation actually happening, from new startups
to emerging opportunities arising from this innovation.

Two shifts matter most:
1. Agentic Al which not only analyzes but takes bounded action inside workflows
2. Platformization where the industry is moving from point solutions to unified operating systems.

Real hurdles remain with a lack of clean data, clear Al policies or governance to ensure Al outputs are
audited and contract compliant and the companies that solve these challenges will see benefits
compound across projects and portfolios.

The value here isn’t that Al can now capture insights and provide analysis through structured data. It's
that every new project and decision is structured and ingested immediately, providing immediate
feedback loops and the foundation for continuous learning.

Now, with over $50 billion in collective investment in construction technology, the industry is poised for
transformation.

The next wave of solutions won’t be about digitizing more workflows, it will be about infusing intelligence
into every workflow. But before we highlight the emerging opportunity, let’s first answer, why is Al so
important?

A Primer on Artificial Intelligence

In traditional programming, humans define the rules. Engineers write explicit logic (if ‘X’ then “Y’) and the
computer applies this to produce an output. The workflow is:

Rules (Code) + Data — Output

This works well in structured and deterministic tasks such as calculating quantities, running cost formulas
or validating form inputs. But it breaks down in complex domains like image interpretation, risk prediction
and time series analysis where the logic for decision making can’t be neatly written into rules as it
depends on pattern recognition, individualized judgement and variation.
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Artificial intelligence inverts this paradigm.

Instead of writing the rules, humans supply examples (the more the better) such as historical data paired
with known outcomes and the system learns the underlying patterns. The workflow now becomes:

Data + Outcome — Rules (Model-generated) — Model + New Data — Output

This shift from coding logic to training is what enables Al to handle complex and ambiguous tasks like
detecting a safety risk from site footage or forecasting a subcontractor delay based on subtle historical
signals that no developer would be aware of to explicitly program.

Al adapts to the User

One of the most important shifts enabled by this new Al paradigm is how systems adapt to the user,
rather than forcing users to adapt to systems. Traditionally, computers required structured inputs such as
forms, fixed fields, and predefined workflows in order to function. Anything that could not be neatly
structured was difficult or impossible for software to use.

Al reverses this dynamic. Instead of requiring perfect inputs, Al systems are designed to understand
information as humans naturally produce it. They can interpret written text, process free form voice
conversations, and analyze images or video to build contextual understanding of a situation.

This fundamentally changes how data enters a system. Information no longer needs to be carefully
formatted at the point of entry. Al can capture unstructured inputs as they occur and translate them into
structured representations behind the scenes.

Historically, however, many Al deployments in construction have struggled to scale because this
contextual understanding was difficult to reuse. Models were often trained or configured for a single
workflow or project, leading to one-off solutions that were powerful but not repeatable. The emergence of
knowledge graphs is beginning to overcome this limitation. By explicitly modeling relationships between
assets, activities, documents, and constraints, knowledge graphs provide a reusable context layer that
allows Al systems to generalize across workflows and extend to new use cases without rebuilding logic
from scratch.

As a result, systems can operate with far less friction, enabling workflows that reflect how work actually
happens on site. This is what makes it possible for Al driven systems to act on real world conditions in
real time, rather than being limited by rigid schemas or developer defined choices.

There are three common approaches to Al:
1. Supervised Learning
This is where you teach by example providing labeled data (example + answer)
2. Unsupervised Learning
This is where Al spots patterns autonomously, being provided with unlabeled data (raw inputs)
3. Generative Al
This is where Al turns insights into actions.

To place these into a construction workflow:
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e With supervised learning the model is used to label past site photos with instances of what’s
correct to verify progress and safety for new images as they come in.
E.g rebar has to be installed 24 hours after formwork placement, PPE must be worn at all times.
e Then unsupervised learning can take into the photo stream plus any other information to group
patterns and flag anomalies.
E.g. Area B usually does not have any rebar placed in the formwork
e Now generative Al drafts the next step based on the insights gathered.
E.g. notify the project manager of missing formwork, check inventory of rebar and order if
necessary.

These approaches together can be actioned towards a workflow through the use of Agentic Al. This is
where an agent takes a goal, plans steps, calls tools or systems and routes to people for verification
when needed.

In practice the agent may notice the missing rebar (signalled by the supervised and unsupervised
models), generate the action to be undertaken and then call the tools such as the email provider or the
procurement portal to action the next step.

Together, the three models create a loop: detect (supervised), diagnose (unsupervised), decide and draft
(generative), all from the same jobsite data.

An agent then operationalizes it, planning steps, triggering the right systems, routing approvals and
logging for audit. The real innovation with agentic systems is not only the underlying Al but the structured
way they turn construction data into coordinated actions while keeping humans in the loop for accuracy
and accountability.

Al Transformation
Most heavy industries have followed the same arc of digital transformation:

Analog — Digital — Analytics — Agentic

Phase 1: Analog — Digital
Paper based systems from plans to letter based communication became digital native systems of email to
later BIM models, ERP systems, reality capture and geotagged information.

Sites now generate a continuous stream of data about where work happened, by whom and with what
materials and assets.

Phase 2: Digital — Analytics
New forms of data capture allowed analytics from progress tracking to risk modelling and safety detection
enabling movement from retrospective reporting to predictive decision making.

Phase 3: Analytics — Agentic

Agentic Al are systems that don’t just detect but do. They have defined workflows and are able to
complete work such as specification, drafting the submittal and routing it for approval with limited human
supervision.
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Mapping the Al Landscape

Al is beginning to be deployed across the construction value chain with a growing emphasis on solutions
that integrate beyond a single use case. The frontier isn’t a lone safety model or an estimating bot; it's in
systems which share a common data layer and reuse capabilities. That's a document Al which powers
RFls, submittals and change orders, computer vision which serves both quality and safety, or risk models
that inform both procurement and cost control. This integration allows for portfolio level improvements,
reducing siloes, compounding learning and delivering stronger ROI through fewer handoffs, lower
integration overhead and broader workflow coverage.

In the below section we provide an overview of the current construction Al landscape, comparing the
status quo to the opportunity and the startups we are seeing, grouped by sector in the value chain.

Site Selection & Feasibility / Land Development

This is the earliest phase of the construction lifecycle and involves identifying potential land parcels which
meet project requirements and undertaking feasibility analysis to understand if the site and project are
practical, financially viable and technically possible before making an investment decision.

This process requires a wide range of checks such as:

e Site Feasibility
What are the site challenges (i.e geology), construction methods, labor and resources available
and can the proposed development be built?

e Financial Feasibility
Can the project generate a return? This involves analyzing costs, potential revenue or societal
impacts and financing.

e Market Feasibility
Is there a demand for the project? This involves surveying, understanding market conditions, the
competition and economic trends.

e Legal / Regulatory Feasibility
Does the project meet the relevant code requirements and will it get the permits approved?

e Environment Feasibility
Will the project impact the environment and what are the risks and mitigations?

e Social Feasibility
Will the community support the construction?

Developers and project teams must make these checks, often within tight deadlines to make an
investment decision. While the process can be consistent from project to project, the challenge is the
information varies based on location, requiring time consuming searches to stitch together zoning
overlays, allowable land users, environment constraints, utilities/right-of-way, and permitting pathways,
much of which lives in PDFs or jurisdiction specific portals. Only after assembling the pieces can
designers understand and test the maximum build envelope and run pro formas to inform a go / no go
decision.

The Al Opportunity

Al is able to assist with each stage of the feasibility analysis by compressing weeks of desktop research
into hours by aggregating, interpreting and visualizing geospatial, regulatory and environmental data.
Initially we are noticing startups focus on a particular wedge of the feasibility analysis such as:
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e Al for Permitting
These are LLMs which parse unstructured planning documents (zoning codes, overlays,
conditional-use rules, design guidelines) to answer “what can | build here?” and auto-draft permit
checklists or inquiries to planning authorities.

e Geospatial machine learning
These platforms fuse GIS, LIDAR and satellite layers to model topography as well as displaying
zoning overlays such as fire zones, setbacks, heritage districts and utility proximity informing the
maximum buildable envelope.

e Scenario Modelling
This data can be brought together to rapidly test similar design options, allowing for options such
as density, mix and massing to be checked against cod envelopes and cost curves (parking
ratios, structure types, crane logistics), producing feasibility packs for decision making and ROI
calculations.

Increasingly we are seeing development firms stitch together a ‘Feasibility Stack’ to optimize each stage
of the process, starting from identifying a new site to making a go / no go decision.

Example in practice

Algoma applies Al to streamline early stage feasibility analysis.

The platform helps developers identify and evaluate potential sites by ingesting zoning constraints,
market comparables, and development potential. It assesses site capacity by modeling what structures

can realistically fit on a parcel and extends this analysis into early-stage design outputs.

What once took weeks of manual research, document review, and data aggregation can now be
completed in minutes through Al-driven knowledge retrieval, synthesis, and spatial reasoning.

Players in the space
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Design, Architecture & Engineering

Once an investment decision is made, the design process moves from feasibility and concept through
schematic, detailed design, tender, and IFC.

At each stage, the design becomes more detailed and more resource intensive. Engineering effort
increases as assumptions are tested against real world conditions, requiring more detailed designs. It
includes integrating borehole and geotechnical data, survey data, validating structural loading and
developing building systems like MEP.

As the design progresses and more disciplines are involved, coordination becomes more critical. Teams
must align on codes, standards, and spatial constraints, and communicate design changes across
disciplines to reduce clashes and conflicts. These coordination efforts are inherently iterative and often
surface issues late in the process. When problems are identified at this stage, they frequently trigger
redesign cycles that are more expensive, harder to accommodate within compressed timelines, and
increasingly likely to impact project schedules.

Finally, constructability reviews are introduced to ensure the design can be built efficiently and safely by
the contractor. This includes assessing whether construction methodologies and locally available
materials can meet the design requirements.

The Al Opportunity

Developments in Al are expanding early stage exploration and removing risk earlier in the process,
highlighting potential clashes sooner and reducing redesign time and effort. Initially, we are seeing the
following opportunities emerge:
e Generative Design Solutions
Generative and parametric tools are able to produce multiple massing and layout options within a
site, zoning and performance constraint while optimizing for daylight, energy, cost and buildability.
This includes solutions such as:
o Prompt to Design
An increasing number of tools are emerging that translate natural language intent directly
into Revit or BIM models, reducing the time required to move from concept to initial
design.
o Discipline Specific
Given the breadth and complexity of engineering, many solutions are optimised for
narrow use cases such as electrical layouts, road design, or concrete structures. This
reflects how design disciplines operate in practice, and rather than a single universal Al,
we are seeing Al augment or replace specific, well defined scopes of work.
e Multimodal Models
Construction workflows rely heavily on drawings, and newer models are increasingly able to
interpret 2D drawings, relate information across drawing sets, align designs with specifications,
and check against building codes. These systems can identify clashes and propose resolutions,
supporting more accurate estimation and reducing late stage rework.
e Input Design
An increasing number of solutions are also focused on generating or enriching input data,
including geotechnical information, traffic surveys, and existing services data.
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Together, these changes are allowing teams to shift time and attention away from repetitive modelling
and information gathering, and toward higher value design activities that require deeper coordination,
judgement, and problem solving.

Example in practice

Augrade automates the design process from concept to construction.

The company has developed software that converts 2D blueprints into code-compliant 3D BIM models,
along with cost estimates and permitting documentation. This workflow operates independently of

traditional authoring tools such as Revit, allowing teams to move from legacy drawings to constructible
outputs with minimal manual rework.

Players in the space
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Pipeline Intelligence, Bid, Estimating, & Take-Off Automation
Construction firms live or die by a steady flow of project wins, yet few have a structured approach to
market intelligence. Business development often relies on personal networks or region specific focus
areas, with early signals from client conversations, public consultations, or jurisdiction meeting minutes
rarely captured in a centralized system. Tender monitoring is typically manual and inconsistent, limiting
visibility into future pipeline and demand shifts.

Once an opportunity formally emerges, the bidding team steps in and often under-resourced. While the
exact process varies by procurement model, particularly between Design Bid Build, Design Build, and
negotiated contracts, the workflow typically follows a common set of stages:
1. Request for Proposal
The client issues documentation inviting contractors to submit a bid, including drawings,
specifications, scope definitions, and commercial terms.
2. Pre Bid Assessment
Upon receipt of the RFP, contractors complete an initial assessment to determine whether to
pursue the opportunity. This includes reviewing scope clarity, delivery model, risk profile, client
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requirements, and internal capacity, often supported by high level cost and schedule
assumptions.
3. Bid Preparation
The contractor reviews the documentation, assesses risk, and completes quantity take offs from
drawings to estimate material, labour, equipment, and time requirements. This stage also
includes issuing requests to subcontractors and suppliers who may support delivery of the work.
4. Bid Submission
Information from the preparation phase is consolidated into a formal proposal, including pricing,
schedule, methodology, and information demonstrating the contractor’s capability to execute the
project.
5. Bid Evaluation and Selection
The client reviews submitted bids and completes bid leveling, standardising scope, assumptions,
and exclusions to enable fair comparison before selecting a contractor.

The Al Opportunity

At the earliest stage, Al enables the creation of a centralized sales and market intelligence engine.
Language models can continuously scan tender portals, budget announcements, policy notices, and
public meeting minutes to surface opportunities aligned with a firm’s capabilities, geography, and delivery
model.

Internally, notes, emails, and meeting transcripts can be structured and tagged by client, sector, and
project type, improving visibility into early stage demand and upcoming work. These signals can be
ranked based on fit, capacity, pricing assumptions, and historical performance to support clearer go or no
go decisions. In parallel, Al can monitor competitor activity, tracking bid participation, awards, and
positioning to provide a more complete view of market dynamics.

As opportunities move into active pursuit, Al is reshaping estimating and bid preparation workflows.

Multimodal Al systems are increasingly capable of interpreting construction drawings and generating bills
of quantities. These outputs integrate into estimating platforms that apply pricing engines, cross check
quantities against historical cost databases and vendor quotes, and incorporate risk by running scenario
based assessments across different assumptions.

Upstream, Al is also supporting pre-bid decision making by flagging scope gaps, delivery risks, capacity
constraints, and early cost signals advising Go / No Go decisions.

Downstream, this information feeds into proposal generation, helping compose executive summaries,
capability statements, and compliance matrices aligned to client priorities. Over time, these systems can
learn from bid outcomes to refine risk allowances, pricing strategies, and proposal language on a client by
client basis.

On the client side, Al is supporting bid leveling by enabling side by side comparisons of proposals based

on levelised costs, scope alignment, and experience, reducing manual effort and improving transparency
in contractor selection.

Example in practice

BuildCrew uses Al to accelerate pre-construction processes.
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They have developed Digital Interns which are autonomous, proactive applications to execute specialized
pre-construction tasks. Working together, these agents ingest bid requests, review plans for code
compliance, and generate cost estimates using historical cost, rate, and schedule data. The result is an
end-to-end bid process that compresses timelines while reducing manual coordination and review.

Players in the space
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Project & Schedule Optimization

Once the contractor is involved in the project, they begin the construction management process,
coordinating on site activities and execution. Their aim is to control scope, cost, quality, and time while
managing stakeholders such as owners, architects, designers, and subcontractors to ensure the project is
delivered safely and successfully.

As part of this process, the contractor develops the construction schedule, which acts as the master
timeline for the project. It defines the sequence, duration, dependencies, resources including labour,
equipment, and materials, and key milestones from start to completion.

The schedule serves as the primary coordination and control mechanism, enabling teams to understand
what needs to be done, when, and by whom. As work progresses, actual performance is tracked against
the plan, with delays, design changes and site conditions requiring regular updates. These changes
impact dependencies, resource allocation, cost forecasts, and downstream activities, requiring ongoing
coordination across trades and stakeholders to maintain delivery targets.

The Al Opportunity

Al is increasingly being used to connect construction management processes, linking onsite activity
capture, RFls, and field reporting directly to the project schedule in near real time. This creates a
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continuously updated view of progress, enabling scenario analysis to identify emerging slippage, assess
downstream impacts, and recommend resequencing or mitigation actions.

With vision based systems, Al is able to go a step further by autonomously tracking work completed on
site, comparing actual progress against the planned schedule, and issuing end of day deviation alerts
when activities fall behind. These systems can also track material deliveries and equipment availability,
reducing uncertainty around resource readiness and preventing schedule driven delays.

This data increasingly feeds directly into cost and risk models, allowing teams to understand not just
whether a project is behind, but the financial and risk implications of those deviations. Changes to
sequencing, productivity, or resource allocation automatically update forecast costs, contingency
drawdown, and cash flow projections, providing a clearer picture of current project exposure.

Additionally Al systems are also beginning to incorporate a broader range of data sources, including
weather forecasts, site access constraints, permit conditions, safety incidents, and labour availability. By
modelling these constraints, such as the impact of forecast rain or extreme heat on specific activities, Al
can proactively adjust schedules, recommend alternative work packages, and reduce the likelihood of
disruption before it occurs.

Together, these capabilities shift construction management from reactive reporting to proactive
management, where schedule, cost, and risk are continuously aligned through shared, real time data.

Example in practice

ALICE Technologies develops construction optimization software.

The company has developed an Al-powered construction sequencing platform that simulates build
scenarios based on project constraints such as labor availability, site conditions, equipment, and
schedule requirements to identify the most efficient path to move forward.

Players in the space
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Field Productivity & Coordination

Margins for GCs have historically been thin, averaging 3 to 6 percent. As a result, technology investment
has often focused on margin expansion rather than topline growth, with improving the per hour output of
workers in the field seen as an opportunity. This involves reducing the documentation load and helping
workers to spend more time building. Coordination tasks to reduce time spent searching for information,
clarifying work instructions, or waiting for materials, tools, inspections, or access all play a part.

Small inefficiencies compound quickly. A few minutes lost locating a missing tool or clarifying a task may
seem insignificant in isolation, but when multiplied across crews, trades, and days on site, it becomes a
meaningful source of productivity loss and schedule risk.

The GC'’s role is to manage this coordination, ensuring that when workers arrive on site they have clear,
current instructions, confirmed work readiness, and the required materials, tools, and access. Effective
coordination allows crews to spend the majority of their time executing work rather than resolving
constraints, directly improving productivity, predictability, and cost control.

The Al Opportunity

Al offers the opportunity to streamline documentation, information access, and data capture directly at the
point of work, reducing friction for crews in the field.

Field copilots enable workers to access clear work instructions, drawings, specifications, and answers to
design or constructability questions in real time, without leaving the workface. These systems can draft
RFls, surface relevant constraints, and clarify scope as issues arise, reducing downtime caused by
uncertainty or missing information.

Vision based systems support crews by verifying material, tool, and equipment locations, confirming that
the right resources are available at the point of work. This reduces idle time caused by missing inputs and
helps supervisors coordinate teams more effectively across the site.

Inspection and voice agents allow data to be captured in a more natural way as work is performed.
Instead of manual paperwork at the end of a shift, inspection reports, progress updates, and issue logs
can be created in real time through voice or visual inputs, improving accuracy and reducing administrative
overhead.

By aligning instructions, resources, and task context at the field level, Al reduces non productive time
spent searching for information, tools, or materials. This improves coordination between trades, supports
safer execution through clearer sequencing and handoffs, and increases productive hours per shift
without increasing headcount.

Example in practice
RDash is building an Al-powered, end-to-end construction project management platform.

The platform is blockchain-based, enabling a single, shared source of truth across general contractors
and subcontractors. Unlike traditional project management tools where each party operates in separate
system instances with slightly different data inputs, RDash maintains one unified data layer with role-
based publishing and access, eliminating the need for reconciliation.
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This clean, consistent data foundation allows RDash to layer Al agents directly onto the platform, using
reliable project data as an advantage for workflow automation and decision support.

Players in the space
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Safety & Risk

In 2023, there were 173,200 cases of non-fatal injury or illness in the US construction industry which
translates to an incidence rate of 2.3 per 100 full time workers. This reflects the inherently hazardous
nature of construction, where job sites are dynamic, multi trade environments with heavy equipment,
shifting work zones and changing conditions. As a result, safety is a core component of daily briefings,
inspections, checklists, and incident reporting.

Historically, safety tooling has been largely compliance focused and reactive. Systems are designed to
record incidents after they occur, relying heavily on manual observation, delayed reporting, and periodic
inspections. This creates gaps between unsafe conditions emerging and corrective action being taken,
increasing exposure to risk.

The Al opportunity

Al enables a shift from reactive compliance to proactive risk management. Vision Al systems are able to
continuously monitor site conditions, worker behaviour, and equipment movement, identifying missing
PPE, fall hazards, unsafe access conditions, and risky equipment operation in real time. Wearables and
mobile sensors further extend this visibility across dynamic, multi trade environments.

Voice and mobile agents reduce friction in data capture by allowing workers to report hazards, near
misses, and safety concerns as they occur, rather than after the fact. This creates a more complete and
timely picture of site conditions, improving both reporting quality and response speed.

By combining live site data with historical incident records, task sequencing, and environmental inputs
such as weather, Al systems can surface leading indicators of risk before incidents occur. As data is
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aggregated across projects, models can identify recurring patterns by trade, activity, project type, and
time of day, triggering earlier interventions, corrective actions, and adjustments to work methods. Over
time, safety becomes an anticipatory system, where each observation improves future risk prediction and
prevention across all job sites.

Example in practice
Wenti Labs are building an Al safety analyst on job sites.

The system sits on top of WhatsApp, monitoring project conversations to understand what is happening
on site. It automatically captures safety-related context, takes structured notes, and analyzes discussions
to identify required next steps, including surfacing risks and providing proactive recommendations. This
allows safety oversight to happen continuously within the communication tools teams already use, without
adding new reporting workflows.

Players in the space
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Quality & Progress Verification

Work completed on site must be continuously monitored by project teams for two primary reasons. The
first is to ensure adherence to the construction schedule, informing downstream activities and helping
teams understand whether upcoming deadlines can be met. The second is to verify that quality
requirements are achieved, confirming that work has been delivered as designed and meets the criteria
required for payment approval.

Traditionally, these processes have been largely manual. On site personnel review completed work after

receiving documentation from trades, often relying on inspections, photos, and reports that lag behind
actual site conditions. This delay creates a gap between when work is completed and when it is verified.
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When quality issues or non compliant work are identified late, trades may need to be recalled, increasing
cost, disrupting the schedule, and introducing rework risk. Delayed verification also means decision
makers are operating with outdated information. If progress is only confirmed weeks after execution, there
is limited visibility into true project status, making it difficult to accurately assess schedule adherence or
take corrective action in time.

The Al opportunity

Vision Al and reality capture systems offer the ability to monitor work in near real time, comparing on site
activities and imagery against design documentation such as drawings, models, and specifications. This
allows teams to verify whether work is progressing in line with the schedule, informing downstream
activities, handovers, and critical path decisions earlier.

At the same time, these systems enable continuous quality verification, confirming that work has been
completed in accordance with design requirements and specifications. This supports faster sign off for
progress claims and payments, while reducing the risk of defects only being identified weeks later, when
rework becomes more costly and disruptive.

Together, this feeds into up to date project models, giving teams a near real time view of project status.
By linking verified progress and quality data directly to schedule and cost systems, teams can track
earned value, payment status, and emerging downstream risk, improving forecasting confidence and
enabling earlier intervention before delays or quality issues compound.

Example in practice

Track 3D is building a single source of truth for reality intelligence on construction projects.

The platform fuses sensor data from multiple sources, including LIiDAR, photogrammetry, and drone-
based capture, into a unified view of site conditions. This allows teams to track progress and productivity

at the element level, providing percentage complete and supporting approval workflows. It also allows
them to identify deviations early, enabling proactive intervention to prevent rework and schedule slippage.
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Players in the space

“& ZACUA VENTURES
Quality & Progress Verification
Document & drawing diffs / compliance Reality capture & QA/QC variance detection
: = N CONXA ﬁ' r :
mbue h bildAl F TRackan  (J conxal .. { BUILDOTS 1 AVVIR
Efocetompysi  AIFBOB Al Disperse 2 DOXEL [2O0nsitelG _jneconsmuer
OPUSENSE ! InspectMind {)EVERCAM (EarthCam SENSERAY)  (7) bronedeploy  =propeller
& VIZUAL m LiTRACEAIR W™ NowVison /Mrbel.qi . ATOM iz INSPEKT RI
8% BUILDQ cio“‘?g'it ey Osimepacen A sitewire ﬁ / WatchBuilt
. ichi & SOCRATEXA| x’ concreteal  H ' Zoom

Materials & Procurement Automation

As activities are planned within the construction schedule, a series of parallel actions are triggered to
procure the required materials. Engineers and procurement teams must contact multiple suppliers to
request quotes, confirm pricing, validate lead times, and check material availability.

This process is often fragmented and highly manual. Communication is handled through calls and emails,
purchase orders are created by hand, and supplier information is spread across inboxes and
spreadsheets. As a result, there is limited central visibility into procurement status, material commitments,
or inventory levels across the project.

Without real time tracking, teams struggle to understand whether materials will arrive when needed,
whether substitutions are required, or how delays will impact downstream activities. These gaps increase
the risk of schedule disruption, excess inventory, expediting costs, and unplanned workarounds on site.

The Al Opportunity

Al enables materials and procurement workflows to be streamlined end to end. Platforms can map takeoff
requirements directly to supplier catalogues and live inventory, automatically generating compliant
purchase orders and coordinating logistics with real time delivery tracking.

Document Al supports reliable three way matching across quotes, purchase orders, delivery tickets, and
invoices, identifying discrepancies such as overbilling, substitutions, or quantity mismatches. Predictive
models can read schedule progress and site readiness signals to recommend when and how much
material to order, coordinate staging locations, and reduce the risk of stockouts or excess inventory.

By integrating data from materials, equipment, and schedule systems, Al can confirm that required inputs
are in place before crews mobilise. Over time, these systems build a shared data layer across
contractors, suppliers, and manufacturers, enabling dynamic material selection based not only on cost,
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but also on lead time, embodied carbon, and supplier reliability. This reduces waste, shortens
procurement cycles, and frees engineering teams from repetitive administrative work.

Example in practice

Field Materials is developing Al-driven construction procurement software that automates core workflows
in purchasing and cost control.

The platform uses specialized Al agents to process and organize vendor quotes, purchase orders,
delivery records, invoices, and inventory data. Its Al scans vendor documents to extract line-level items
and eliminate manual data entry and automates three-way matching of delivery slips to POs and invoices,
helping to catch billing errors.

Players in the space
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Contracts & Commercials

Commercial management is a major yet often under managed driver of project margin. Construction
projects operate under dense contractual frameworks covering hundreds of pages which define notice
periods, proof requirements, and liability triggers for delays, variations, and payment.

In practice, project teams rely heavily on inboxes, spreadsheets, and individual memory to track notices,
correspondence, and supporting evidence. This creates risk, as gaps in visibility and control lead to
unclear responsibility for delays or scope changes and incomplete substantiation for variations. The result
is margin leakage, with teams spending disproportionate time managing contracts rather than focusing on
delivery and operations.

18



“. ZANCUA VENTURES

The Al Opportunity

Al enables a shift from reactive, document heavy commercial management to proactive, evidence backed
control. Language models can read and interpret contracts and subcontracts, extract critical clauses, and
automatically generate a commercial playbook that defines notice deadlines, thresholds, and
documentation requirements for each package of work.

The rules can be translated into structured checklists and forms with document Al to reconcile information
such as invoices, timesheets and progress records against contractual terms to flag discrepancies.

Timeline and workflow agents can continuously monitor schedules, RFls, daily logs, and correspondence
to identify potential entitlement events as they emerge. When triggers are detected, the system can
prompt the relevant teams with the correct notice templates and evidence requirements in real time. This
reduces commercial leakage, shortens dispute cycles, strengthens auditability, and protects project
margin throughout delivery.

Example in practice

Document Crunch targets the risk, delay and inconsistency caused by manual contract and document
review in construction.

The platform uses construction-trained Al to analyze contracts, specifications and insurance documents,
identifying key clauses, obligations, and risk exposures specific to the built environment. Rather than
generic text extraction, the system understands construction context and flags issues such as
unfavorable terms, scope gaps, and compliance risks, presenting them in structured summaries that align
with how contractors, legal teams, and project managers actually review documents.

Players in the space
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Equipment & Asset Intelligence

As construction activities are planned within the project schedule, equipment must be mobilized,
allocated, and maintained to support execution on site. Project teams rely on timely access to the right
assets to maintain productivity and avoid delays.

In practice, equipment tracking and management remain fragmented and highly manual. Many
contractors still rely on operator notes, paper logs, or basic spreadsheets to track asset location, engine
hours, fuel consumption, and service status. Maintenance planning is typically time based rather than
usage based, with limited visibility into actual condition or utilization across projects.

Without real time insight into equipment health and availability, faults are often discovered at shift start or
mid task. This leads to reactive repairs, unplanned rental backfills, idle crews and misallocated assets
across jobs. The result is avoidable downtime, shortened asset life, increased rental and maintenance
costs, and heightened schedule and cost risk.

The Al Opportunity

Al enables a shift from basic equipment oversight to predictive planning and decision support. By
combining telematics with machine learning, equipment data such as engine performance, temperature,
vibration, hydraulic pressure and diagnostic codes can be streamed into centralized platforms and
analyzed continuously. Al models monitor operating conditions in real time to detect anomalies, forecast
component failure, and estimate remaining useful life, allowing maintenance to be planned proactively
rather than reactively.

This intelligence is paired with location and utilization analytics to improve fleet allocation decisions,
including when to redeploy assets, supplement with rentals, or adjust fleet size. Over time, these systems
help contractors extend asset lifespan, reduce unplanned downtime, and right size fleets based on actual
usage rather than assumptions.

Related innovation in physical Al is emerging and reshaping asset intelligence, enabled by the
convergence of advances in autonomy, force and traction control, spatial awareness, and vision learning
models. The broader implications of these advances, including their impact on construction robotics, are
addressed separately in this report.

Example in practice

Tenna targets the lack of visibility and coordination around equipment, tools, and materials across
construction operations.

They have built an end-to-end system designed to answer the question: where is my stuff? They use loT
sensors to track equipment, tools, and materials in real time, and connect this location data into
operational workflows through integrations with ERP systems and apply analytics and rules-based
intelligence to surface utilization insights, automate updates, and support operational decision-making
across fleet, tool management, and materials tracking.
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Players in the space
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Sustainability, ESG Monitoring & Carbon Accounting

Sustainability requirements in construction are increasingly driven by legislation such as the Energy
Performance of Buildings Directive, but measurement and reporting remain fragmented and largely
manual. Carbon assessments, embodied emissions, waste tracking, and compliance reporting are often
handled as one off exercises tied to regulatory approvals or client requirements rather than as continuous
operational processes embedded within project delivery.

Carbon accounting in particular presents significant challenges. Environmental Product Declarations,
lifecycle assessments, supplier documentation, and technical datasheets are distributed across PDFs,
spreadsheets, consultant reports, and disconnected databases. Data formats are inconsistent,
methodologies can vary between regions and tools, and material level environmental attributes are often
incomplete or difficult to verify. As designs evolve during preconstruction, recalculating lifecycle impacts is
time consuming and typically requires specialist consultants.

During construction, the connection between what was specified, what was procured, and what was
ultimately installed or disposed of is rarely tracked systematically. Waste streams are monitored
inconsistently, supplier substitutions are difficult to reconcile against original environmental assumptions,
and site level emissions data is often incomplete. As a result, sustainability reporting tends to be
backward looking, difficult to audit, and weakly connected to day to day project decisions.

The Al opportunity

Al enables carbon and sustainability data to be structured and integrated across the entire project
lifecycle, transforming ESG reporting from a compliance exercise into a continuous decision support
system.

At the design stage, Al can automate the interpretation and creation of Environmental Product
Declarations and lifecycle assessments. Language models can ingest manufacturer data, technical
datasheets, specifications, and bills of quantities to normalize environmental attributes across materials
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and generate comparable embodied carbon data where standardized EPDs do not yet exist. With this
structured information available earlier in the process, design teams can evaluate lower impact materials
and understand carbon trade offs alongside cost, schedule, and constructability.

During project delivery, these same data foundations enable contractors to track whether specified
materials were actually procured and installed, and how waste outcomes compare with original design
intent. Al systems can connect procurement records, delivery documentation, and site reporting to
monitor emissions, material substitutions, and disposal pathways. This creates greater transparency
around construction phase carbon impacts and improves the reliability of sustainability reporting.

At the portfolio level, Al also enables asset owners and operators to analyze carbon performance across
entire building portfolios. Operational data, energy consumption patterns, and renovation strategies can
be evaluated to prioritize retrofit investments, reduce lifecycle emissions, and align with long term
decarbonization targets. Over time, this creates a continuous sustainability intelligence layer spanning
design, construction, and operations, enabling more informed decisions about materials, delivery
strategies, and long term asset performance.

Example in practice

Pathways Al has developed a platform to streamline the EPD generation process.

The platform uses Al to consolidate and normalize data from across a company’s carbon footprint,
including project plans, facilities, and supplier inputs. It ingests information from emails, documents, and
databases, synthesizing disparate data sources to model emissions contributions and calculate product-
level carbon impacts. This structured data foundation is then used to generate EPDs with significantly
less manual effort.
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Project Handover, Operations & Maintenance

Once construction is complete, responsibility for the asset formally transfers through project handover to
operations and maintenance teams. While long term performance is heavily influenced by decisions
made during design and construction, handover is often treated as an administrative milestone rather
than a strategic transition point in the asset lifecycle.

In practice, facility teams inherit fragmented and incomplete information. As built documentation,
equipment manuals, commissioning records, and warranties are spread across PDFs, handover folders,
and disconnected systems. Technicians lack a clear view of what was installed, how systems were
configured, or which replacement parts are compatible. Building management systems operate with
limited context, reducing their ability to optimize performance or identify inefficiencies.

Without structured and accessible asset intelligence at the point of handover, maintenance becomes
reactive. Equipment issues take longer to diagnose, downtime increases, and components are often
replaced prematurely. The result is higher operating costs, reduced asset performance, and avoidable
lifecycle risk.

The Al Opportunity

Al enables project handover to function as a data transformation layer rather than a document transfer.
Construction records can be normalized into structured asset inventories, while language models make
drawings, manuals, and commissioning logs queryable in plain language. Gaps, inconsistencies, and
missing information can be identified automatically before handover is finalized.

From this foundation, construction phase data becomes a structured operational intelligence layer that
supports the full asset lifecycle. As built models can be transformed into searchable equipment
inventories, while language models ingest O&M manuals, commissioning records, installation logs, and
handover documentation to answer technician questions in real time.

This intelligence can be combined with sensor and system data to anticipate component failures, surface
maintenance risks, and prioritize interventions before issues escalate. Energy optimization models,
informed by design intent and live performance data, continuously tune building systems and flag
inefficiencies or anomalies early.

Rather than a one time transfer of documents, handover becomes the activation of a living digital asset.
The design and construction record persists as structured operational intelligence. Facility teams gain
faster access to accurate information, reduce reactive maintenance, and plan interventions more
effectively, while owners gain clearer visibility into system health, performance, and long term lifecycle
requirements.

Example in practice

Vizonare is building a platform for facility management that improves visibility into building condition and
maintenance needs.

The platform analyzes buildings to generate high-resolution digital twins and provides shared access for
facility managers, vendors, and tenants within a single workspace. This visual representation is used to
identify required maintenance and modifications, highlight deviations from expected conditions, and
replace spreadsheet-based tracking with a structured, spatial view of facility data.
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Players in the space
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Al Platforms & Vertical Operating Systems

The capabilities described across each stage of the value chain — from equipment intelligence to
sustainability tracking — are increasingly converging toward a broader architectural question: who owns
the data layer that connects them all. This is the domain of Al platforms and vertical operating
systems.Estimating, scheduling, field reporting, safety, quality, and procurement are each supported by
separate tools, built on different data models and accessed through different logins. While these systems
may perform well within their narrow scope, they are poorly aligned across the project lifecycle.

In practice, integration between tools is brittle and incomplete. Data is duplicated across systems,
definitions diverge, and context is lost as work moves between teams. Project staff spend significant time
exporting spreadsheets, reconciling versions, and re-entering the same information to create a
consolidated view of project status. Analytics are largely backward looking, workflows rely on manual
coordination, and decisions are made with partial or delayed visibility. This fragmentation limits the ability
to respond quickly to issues and prevents learning from compounding across projects.

What is different now is not intent, but capability. The idea of a unified construction operating system has
existed for decades, but the underlying technology required to support it did not. Earlier generations of
software lacked the ability to ingest unstructured drawings, specifications, emails, photos, and field notes
at scale, or to reason across them in real time. Integrations were hard-coded, analytics depended on
clean inputs, and systems could not adapt as projects changed.

The Al opportunity

Recent advances in language models, multimodal Al, and scalable cloud infrastructure make vertical
operating systems viable for the first time. A platform can now ingest drawings, schedules, RFls, delivery
feeds, and telematics into a shared model, then continuously interpret and reconcile these inputs as
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conditions evolve. Al transforms raw project data into structured tasks, risks, dependencies, and
recommendations without requiring manual normalization at every step.

Al agents can coordinate cross functional workflows end to end. A design change can propagate
automatically from updated drawings to revised quantities, procurement actions, delivery schedules, and
field execution plans, with records kept consistent across systems. Routine coordination and
reconciliation work is handled in the background rather than through spreadsheets and meetings.

For leadership, this creates a single, current view of performance, risk, and cash across projects. For
project teams, Al copilots operate within existing BIM, project management, and financial tools to support
decisions without forcing wholesale system replacement. The result is a category of platforms that could
not have existed before, enabled by the ability to interpret unstructured construction data, maintain
shared context, and learn across projects rather than resetting on each job.

Example in practice

Conxai targets high-value, complex operational problems in construction that are difficult to solve with
existing software and capabilities.

The company has built a proprietary, agentic Al platform that combines deep Al expertise with
construction domain knowledge. Clients bring Conxai a specific problem, such as defect tracking,
productivity analysis, or timekeeping discrepancies and the platform is configured around that workflow. It
utilizes two core custom models, one for computer vision and one for document intelligence, which are
adapted to the client’s environment, data, and processes to deliver a tailored, Al-enabled solution rather
than a generic product.

Once contextualized, Conxai can address additional problems more quickly for clients by reusing and

extending these models across new workflows, replacing manual processes with Al-enabled operations
delivered through the same platform.
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Considerations for Adoption

While the appetite for and number of Al solutions continues to grow across the industry, several structural
considerations could shape the pace and scale of adoption. These challenges aren’t about the algorithms
themselves but about the broader physical, political, and infrastructural paradigm that underpins them.
These factors can impact the cost and the underlying Al capability. For example is Al data centers
become cost prohibitive to build, then Al tooling can’t be adopted at scale.

Geopolitical Drivers of Al Infrastructure

The constraints on Al adoption in construction operate at two levels: the infrastructure required to run Al
at scale, and the organizational readiness to deploy it effectively. We examine each in turn, beginning
with the physical and geopolitical forces shaping the underlying infrastructure. Al has emerged as a focal
point in the great power rivalry between the US and China with both nations seeking to develop
technological superiority, recognizing its value as both an exportable technology and catalyst for
sustained economic growth.

Reflecting this ambition, the United States introduced the Executive Order Removing Barriers to American
Leadership in Artificial Intelligence to promote domestic leadership and safeguard global dominance. It
outlined three strategic pillars, with Pillar 2: Build American Al Infrastructure becoming a critical constraint
for development. This has led to:

Data Center Growth and Construction Demand

Delivering on national Al ambitions dependent on a country’s ability to build and power vast data
infrastructure. This is as training Al models requires computational power in the form of physical real
estate like server farms and data centers. Their availability determines the scale and quality of Al
workloads and global investment in Al infrastructure is projected to reach $4 trillion by 2030.

This demand brings new engineering challenges. Al requires custom built data centers to meet high
intensity workloads. For example, the average power density or the energy consumption of servers in the
racks, is expected to rise to 30kW by 2027 from 8kW. Training models is even more intensive consuming
more than 80KW per rack impacting the cost for new models with model improvements constrained by
construction schedules.

Resource Shortages: Energy and Water
As more data centers are built, energy availability is becoming a bottleneck.
In Ireland data centers are set to hit 32% of national electricity demand in 2026 leading the government to

issue permit restrictions for new projects. It's becoming a local issue as wholesale electricity costs are up
as much as 267% (in the US) as compared to five years ago in areas near data centers.

Operators are investing heavily in the grid but are constrained by material and parts shortages with power
transformers and distribution transformers facing supply deficits of 30% and 10% in the US. To overcome
these limits, hyperscalers like Amazon, Google and Microsoft are ‘bringing their own power’, initiating
power purchase agreements (PPA), securing electricity from renewable and nuclear sources, funding
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new generation capacity and even colocating data centers near direct transmission sites to bypass grid
congestion.

The resource challenge extends beyond energy. The servers and routers in data centers generate heat,
with large data centers using water for cooling, consuming up to 5 million gallons per day, or the amount
of water used in a town populated by 10,000 to 50,000 people.

In 2023, Microsoft disclosed that 42% of its water usage came from regions facing water stress, raising
concerns about competition with local communities. As data center operators seek sites with abundant,
affordable energy and water, suitable locations are becoming harder to find.

As energy and water availability becomes constrained, this impact on price is leading to:

Rising Local Opposition

Over $64 billion of data center projects have been blocked or delayed.

In the US, opposition is bipartisan with at least 142 activist groups across 24 states organizing to block
local development. While Americans generally support data center expansion in principle, opposition
often intensifies once projects reach their communities.

Concerns range from higher utility bills and water use to noise, traffic, and reduced green space. Although
federal policy aims to accelerate permitting and infrastructure delivery, most permitting remains a local
issue, giving communities significant leverage to delay or reject projects.

Despite everything, the greatest challenge could be labor availability.

Skilled Labor Shortages

Even where sites and permits are secured, workforce constraints remain.

The construction industry already faces worker shortages exceeding 500,000 positions in the United
States alone. Data center projects require highly specialized mechanical, electrical, and IT expertise,
often with compressed delivery schedules. As more projects compete for the same skilled workforce,
costs rise and timelines stretch, threatening the pace of infrastructure expansion required to sustain Al
growth.

While the above factors have focused on the physical constraints and considerations associated with
construction, adoption and utilization of Al is dependent on workforce and training capabilities leading to
the next constraint:

Organizational Readiness and Al Literacy

Despite strong interest in Al solutions and a growing recognition that adoption is becoming essential,
most construction firms face a significant skills gap. Few employees have experience working with Al
tools, prompting, or model-driven workflows and there is limited industry specific training tailored to real
project environments. This lack of Al literacy slows adoption, increases implementation risk, and reduces
the effectiveness of even the most capable tools.
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The consequence is not only slower adoption but also the risk of improper use. Incorrect prompting,
misunderstanding outputs or over-relying on Al without appropriate oversight can introduce errors into
schedules, estimates, or commercial documents, directly affecting project outcomes. Issues such as
hallucinations or misunderstood model limitations become embedded in work, creating new points of
failure that teams may not recognize.

Startups are beginning to confront this barrier directly. Many have found that technically advanced
copilots or agents underperform in the field not because the models are weak, but because users do not
know how to direct them. When outputs fall short, workers often blame the tool rather than the absence of
structured training. To drive adoption, first mover Al startups are now investing heavily in customer
education, onboarding programs, and ongoing training.

Large firms are also closing this gap by rolling out enterprise instances of Microsoft Copilot and ChatGPT
and committing resources to workforce development with Turner Construction’s internal Al training
initiatives being an early example of this shift. However, while major firms have the margins and in-house
capability to invest in training, small and mid sized ones may struggle to keep pace. Their employees face
many of the same challenges but with fewer resources to build the required skills.

Without improvements in Al literacy, workforce readiness could become a critical bottleneck in industry
wide transformation. The risk is that even as more powerful solutions enter the market, their benefits will
not be realized unless firms can train their people to use them effectively.

What we Envisage Going Forward: Agentic Al,
Platformization

Falling compute costs, richer datasets, and production-ready cloud and edge stacks have expanded both
the number and maturity of Al solutions. As a result, many tools are moving beyond pilots into day-to-day
operations.

At the same time, industry receptivity has increased. Al is no longer viewed as a nice-to-have but as a
response to existential pressures. It offers a solution to structural challenges such as the labor gap,
thinning margins and increasing compliance reporting requirements.

Agentic Al

We believe the next major shift will be the rise of agentic systems. These systems can take context-aware
actions to complete workflows end to end, with human-in-the-loop guardrails.

Early Al mostly augmented existing workers by classifying and summarizing information, reducing manual
effort and enabling faster decision making.

Agentic systems move beyond augmentation. They are given a goal and a set of defined constraints, then
plan tasks, break them into steps, interact with software tools, gather inputs, and surface outputs for

review and approval.

An example is proposal generation. Early systems relied on copilots trained on historical bid data,
allowing users to prompt the system with context and generate draft proposals more quickly.
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In an agentic system, this workflow is orchestrated end to end.

When an RFP enters the system, whether via email or tender software, it is automatically summarized
and routed to relevant stakeholders. The system gathers and synthesizes feedback, schedules
coordination meetings based on calendar availability, supports an early go or no-go assessment,
generates a first draft proposal, flags subcontractors required for estimation, and creates downstream
RFPs for them..

The Agent isn’t operating independently. Each workflow is based on role based permissions, actions are
logged for audit and reversibility with rules and risk thresholds to hand off to humans as required.

With this design the system can deliver outcomes, not just assistance and the value lies in embedding Al
directly into workflows, coordinating tasks across tools and teams rather than acting as a standalone
summarization or copilot layer.

Platformization

As agentic systems mature, the market will shift from standalone applications toward platformized
architectures.

Agentic systems require access to unified data models and APlIs that will let design, schedule,
procurement, field, and commercial systems share information in real time. It's forcing owners and
contractors to digitize their systems as without this foundation, firms will struggle to adopt agentic
capabilities and risk falling behind peers that are structurally improving margins and execution speed.

As this transition progresses, we expect to see the emergence of multi-agent patterns. Rather than being
confined to individual departments or point use cases, agents will operate across functions. For example
a planning agent may propose a sequence, a commercial agent may validate contractual exposure, a
safety agent may assess method statements, and a supervisory agent may reconcile conflicts before
work begins.

Over time, agentic systems will begin to mirror the complex stakeholder interactions that already exist
inside construction firms.

As these systems and platforms evolve, governance becomes a critical requirement rather than a
secondary consideration. In agentic workflows, decisions are no longer isolated to individual tools but
emerge from interactions between multiple agents operating across functions. This requires systems of
work to be redesigned around human oversight, where practitioners act as reviewers.

To support this shift, agentic systems must provide clear chains of reasoning, auditable decision trails,
and the ability to trace how outputs were generated. Users need to understand not only what decision
was made, but why it was made, what assumptions were used, and where uncertainty exists. It also
requires rollback mechanisms, version control, and the ability to intervene or override decisions before
they are executed to ensure alignment with goals and objectives.

This represents a fundamental difference between consumer Al and enterprise deployment in

construction. While consumer systems optimize for speed and convenience, enterprise systems must
support accountability, compliance, and defensible decision making across complex projects.
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For industry participants, the work ahead is as much about operating model change as it is about
technology adoption. Al enables faster delivery, but only when paired with standardized data, repeatable
processes and engineering oversight.

The parallel is familiar. Firms that invested early in computer literacy and computer-aided design were
able to deliver faster and at lower cost than their peers. Similarly, companies that standardize data, adopt
policy-based governance, and deploy agents in high-leverage workflows will see compounding gains in
productivity and margin.

And on the supply side, vendors that offer open connectors, interoperability, and audit-ready workflows
will earn trust and become foundational to these emerging platforms.

What we are looking for in startups at Zacua

At Zacua, we invest in the next generation of Al startups reshaping how the construction industry
operates. While there are many criteria that influence our investment decisions, and several that we
cannot share publicly, one of the most important shifts we look for today is defensibility.

The Death of the Software Moat

In a world where Al can increasingly write code, features alone are no longer defensible. Product
functionality can be replicated quickly and technical differentiation erodes faster than in previous software
cycles.

As a result, defensibility is moving away from features and toward data and workflow ownership.

The strongest companies are those that access and control proprietary, non public data and combine it
with deep workflow integration. Being embedded inside daily operations creates two powerful
advantages:
1. Generating proprietary data
As users work inside the platform, they create new, unique data that does not exist elsewhere.
Over time, this produces a compounding data flywheel that becomes increasingly difficult for new
entrants to replicate.
2. Training the system
User actions continuously correct and refine the model. These feedback loops are captured as
proprietary training data, improving performance with every interaction and reinforcing long term
advantage.

Over time, every new customer strengthens the system with data that remains inaccessible to
competitors, creating a moat that cannot be cloned by simply shipping similar features.

The Authoring Layer Wedge
One of the clearest signals of this defensibility is whether a startup owns the authoring layer, the moment

where data is first created.

Al systems that operate downstream, analyzing data only after it has been entered into tools like Procore,
are inherently limited. They rely on second hand data, have little control over data quality and don’t
capture the workflow data that can be used to train the system.
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By contrast, highly defensible startups act as the interface where work actually happens. They capture
data at the moment of creation, whether through voice, images, documents, or on site interactions. A
simple example is voice to schedule updates in the field rather than analyzing schedules after the fact.

If you own the point of entry, you own the system of record. And when the system of record is Al native,
data generation and model improvement happen simultaneously.

Workflow Integration vs Workflow Substitution

Not all workflow adoption creates a moat.

Many Al tools position themselves as workflow integrations. They plug into existing systems like Excel,
Procore, or ERP platforms and assist with specific tasks. While useful, these tools tend to have low
defensibility. They sit downstream of decision making and can be swapped out with relatively low
switching costs.

By contrast, the most defensible startups pursue workflow substitution. Instead of augmenting an existing
tool, the Al replaces the need to open it entirely. The system owns the outcome, not just the task. For
example, the Al does not help write a permit letter. It files the permit. It does not assist with updating a
schedule. It owns the schedule update itself.

When an Al system becomes responsible for outcomes rather than inputs, switching costs increase
dramatically. Teams reorganize their workflows around the system, trust it with execution, and depend on
it as part of daily operations. At that point, the Al is no longer a feature or plugin. It becomes standard
operating procedure.

Team Capability

These dynamics only work if the team is capable of executing them.

In the Al era, founder market fit and team capability matter more than ever. Pursuing workflow
substitution requires a deep understanding of construction workflows, incentives, and edge cases. This
domain fluency must be paired with strong Al and engineering talent that can build, deploy, and iterate
quickly on top of unique data sets.

The most compelling teams combine operational credibility with technical execution, allowing them to
translate real world problems into scalable, Al native systems that continue to improve as usage grows.

Construction is entering a new era where intelligence becomes a layer that sits across the full lifecycle,
not a feature bolted onto existing tools. With falling compute costs, richer digital records, and production-
ready cloud and edge infrastructure, Al is moving from experimentation to daily execution across
feasibility, design, estimating, scheduling, field coordination, safety, procurement, commercial
management, and operations.
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The Next Wave of Construction Al

The next wave will be defined by agentic systems that deliver outcomes inside workflows and by
platformization that replaces fragmented point solutions with shared data layers that learn across
projects. Adoption will not be automatic. Clean data, governance, auditability, and workforce readiness
will determine which firms compound gains and which fall behind.

For startups, the implication is clear. Defensibility will not come from features, but from owning the
authoring layer, capturing proprietary data, and substituting critical workflows rather than merely
integrating into them. The teams that pair domain fluency with fast, high-quality Al execution will build
systems of record that improve with every project and ultimately reshape how construction is delivered.

Contributors
Zacua Ventures Team

Vivin Hegde

Sidharth Ramesh
Bhragan Paramnantham
Mauricio Weiss
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Appendix - Al Startup List
Site Selection & Feasibility / Land Development

e Design massing & early planning:
Autodesk Forma (Spacemaker), Hypar, Snaptrude, Nidus Lab, Vitrus, Bright Spaces

e Geospatial + feasibility & permitting:
Algoma, Mercator Al, TestFit, Archistar, UrbanFootprint, LandTech, Gridics, CityBldr, Replica,
RIISE, Dodda.ai, SchemeFlow, UpCodes (zoning/code), Ecopia Al, FloodMapp, Jupiter
Intelligence, UNLOCKLAND, Arqgen, Aarden Al, Fordje, Loog Al, Optimal Cities, Optiml,
PlanningHub, syte, Permitflow, TurboPermit, Arcol, Infraspace

Design, Architecture & Engineering

e Code, compliance, and specs
Augrade, CONXAI, Al-BOB, CodeComply.ai, Bild Al, Parspec, Tuuli, Buildcheck, mbue, Freeda

e Concept & CAD / BIM co-design
Augrade, Hypar, TestFit, Autodesk Forma, Snaptrude, Drawer.ai, 2020spaces, Cove.Tool,
Sefaira, Aether, factorymaker, Corbu, homerenu, infrared.city, LynxCraft, NavLive, Poliark, Qubu,
Scenarium Al, Shapemaker, Spacio, Strucwise, TwinMaster, My3D.Cloud

e Engineering automation
Augrade, Augmenta, Rebar.ai, BIMLOGIQ, InfinityStudio.Al, Bild Al, CalcTree, CamPlan,
CONIX.Al, Enji-io, factorymaker, Genia, Kaizen Al, laiout, Make a BIM, MOD, Spacial

Pipeline Intelligence, Bid, Estimating, & Take-Off Automation

e Bid Generation / Levelling
Aitenders, Bidblox, Bridgeline Technologies, ConCntric, Joist Al, Muro Al, Specscan, Temelion,
Workorb Al, Tenderhub by Revitalyze, Klutch Al, Configure

e Takeoffs
AECInspire, Bild Al, Bobyard, Civils.ai, Planaliz, PlanSwift, Sparkel, Togal Al, STACK

e Estimating
BidBow, BuildCrew, Buildr, Drawer Al, Quotr.io, Rebar, SubHub, TrueBuilt, Zebel, Esticom,
Provision, Neuron Factory

e Market Intelligence
Mercator Al, Bidblox (market/bid leveling), ConstructConnect, Dodge (DN), RIISE, Trebellar (CRE
intel), ConstructionBevy, Lastro, PRIMAX Al, Unseen, ValueMate

Project & Schedule Optimization

e Field copilots & assistants (coordination, dailies, Q&A):
RDash, Trunk Tools, BuildCrew, Wenti Labs, Klutch Al, Procore Copilot, Buildr, AmonAl, Nicky
Al, Pelles.ai

e Planning, risk & schedule intelligence:
Outbuild, Planera, ALICE Technologies, nPlan, Nodes & Links, Sablono, Touchplan, Tacktplan,
Proficient Software, Ernestl, Contineu, Coreloops, Frontline Industrial Software Pte Ltd, Jet.Build,
LeanCon, Makeo GmbH, MyGenie, Novologic, Plexa, Rdash, Smart PMO, specter automation,
Cybereum, lcmd GmbH, Projectflow Automations LLC

e Reality capture — production tracking:
Track3D, CONXAI (SiteLens), OpenSpace, Buildots, Avvir, Doxel, Disperse, EarthCam, Evercam,
Sensera, DroneDeploy, Propeller, TraceAir, OnsitelQ, Cupix, Reconstruct
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Field Productivity & Coordination

Construction Management

Bixby, Buildpeer, BuildPass, Koncite, Krane, Onsite, Perlo, Sablono

Inspections & forms (voice/vision):

Opusense, InspectMind Al, SchemeFlow (transport/tech reports), CodeComply.ai (plan/code),
Hardline, SymTerra, Wenti Labs

Field assistants & work packaging:

RDash, CONXAI, BuildCrew, Wenti Labs, Trunk Tools, Klutch Al, Nicky Al, Procore Copilot,
Buildr, Pelles.ai, Artic, BauGPT (ehem. Crafthunt), Bixby, BLDX

Finance / Payments:

Adaptive, Assignar, Beiing Human, inBuild, Kroo, Workstream, Vergo, Planhopper, Jobotics.ai
Training, Labor Management

Buildalia, Certchain Al, Dashly, Lumber, Fixed

Coordination / look-ahead / tasking:

Ernest, Proficient Software, Touchplan, Agave (workflow glue), Assignar, LetsBuild, Fieldwire,
Revizto, Built Data, Neuron Factory

Safety & Risk

Hidden Conditions & Environmental Risk:

Exodigo, Mitigrate, PropEco, Rebuild, Prezerv Technologies

Risk Intelligence

Projexion, RiskCore, Rosetta Risk Management

Safety Management & Compliance:

Navatech, Pyramid Al, TwinKnowledge, Wenti Labs

Vision-based HSE & analytics:

Protex Al, viAct, Intenseye, Voxel Safety, Everguard.ai, Safesite, Kwant.ai, Aatmunn, Ailytics,
Alpha Al, Neos Al, OBRALIVE

Wearables, presence & site telemetry:

WakeCap, Eyrus, Versatile (crane), Samsara (video/telematics), Trackunit, Tenna, VOS Systems

Quality & Progress Verification

Document & drawing diffs / compliance:

mbue, Bild Al, CodeComply.ai, AI-BOB, Opusense, InspectMind Al, Provizual (progress/QA
visualization), Freeda, BuildQ, clone:it, Ichi, SocrateX.ai

Reality capture & QA/QC variance detection:

Track3D, CONXAI, OpenSpace, Buildots, Avvir, Disperse, Doxel, OnsitelQ, Reconstruct, Cupix,
Evercam, EarthCam, Sensera, DroneDeploy, Propeller, TraceAir, Now Vision, Arbel Al, ATOM,
Inspekt Al, DLP Manager, SitePace.ai, Sitewire, Waldek Technologies (Gauzilla Pro), WatchBuilt,
ConcreteAl, H3 Zoom.Al

Materials & Procurement Automation

Logistics / Inventory Management
Ruck, Suplos, VESTIGAS, Ply, Sonar Labs
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e Marketplaces
BuildHub, ConstruEx, INDOSUP, MatBook, Materee, MatScann, MProcure, Latii, Profymarket,
Rawmart, Parspec, Buildfactory, Ziramaba, Pegbo, Trestle

e Material reuse enablement
Material Index, Nexus ReGen, Zupply, Sonar Labs

e Procurement
12New.ai, BuildVision, Conkau, ConstructivlQ, Field Materials, Flume Al, Hippo.Build, Krane Al,
Primital, reebuild., RepConnect, Scalera, Tenderhub by revitalyze, Trestle, Kojo, IndoSup,
TruBuild, planflex GmbH, Kaya Al

Contracts & Commercials
e Document Crunch, Provision, Konstructly (change/valuation), CodeComply.ai (plan/code
compliance), Buildr (closeout/commercial workflows), Tenderhub by Revitalyze (tender analysis),
Billy, Enlaye, First Rule, Reavant, Simple Construction Software, Structo, Tendro, Vergo

Equipment & Asset Intelligence
e Telematics & fleet optimization:
Trackunit, Tenna, Samsara, Hilti ON!Track, Caterpillar VisionLink, Komatsu Komtrax, JDLink
(John Deere), JLG ClearSky, Asset Panda, Equiptal, Leasi, Gearflow, Veristart
e Utilization, lifts & site signals:
Versatile, WakeCap, Eyrus, Litum, Propeller, Vos Systems

Sustainability, ESG Monitoring & Carbon Accounting

e Waste Management
REM (REM Circular)

e LCA/EPD Creation
C.Scale, Emidat, Pathways Al, Preoptima, Tangible, Acembee, Time To Beem, Tuuli
CO2 accounting for materials
PathwaysAl, OneClickLCA, Emidat, 2050 Materials, Madaster, CarbonChain, EC3 (Building
Transparency), Real-time LCA, Looper.design

e CO2 in design and construction stages
NetZeroBuild.ai, Preoptima, Tally (Revit LCA), Cove.inc, Testfit, Vizcab, Green Badger, Accacia,
Inhabit.eco, Alice technologies, Tangiblematerials.com

e CO2in the O&M phase
Adaptis, Optimuse, Optiml, Scandens, PurposeGreen, Kestrix, MapMortar, Measurabl, Deepki,
BuildingMinds, Enertiv, Accacia, Cambio, Predium

Project Handover, Operations & Maintenance

e Asset Management:
InfraHub, irmos technologies AG, Swisslnspect, Urbim Digital Twin Platform, ConeLabs Inc,
T2D2

e Facility / Building & Energy Management:
Komu Homes, OptimiseAl, OPTIMUSE, Surfaice, Vinny, Vizonare Inc., Trebellar, Facilio, Planon,
FM:Systems, UpKeep, MaintainX, Limble, Clockworks Analytics, CopperTree Analytics, BrainBox
Al, Noda Al, Aerie
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Al Platforms & Vertical Operating Systems
e CONXAI, Wenti Labs, RDash, Datagrid, Revitalyze, Workorb Al, Ernest, Surfaice, Agave
(integration layer), Guild Al, Builder Pluss, Howie, TerraScape Al, zupply Al

Sources
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insights/artificial-intelligence-in-construction-report "RICS artificial intelligence in construction
report 2025"
[4]:https://constructionmanagement.co.uk/futureproofing-through-digitisation-and-real-time-data/
"Futureproofing through digitisation and real-time data - Construction ..."
[5]:https://www.pbctoday.co.uk/news/digital-construction-news/construction-technology-
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"Optimism high for Al in construction but skills shortages hold back ..."
[6]:https://www.fortunebusinessinsights.com/ai-in-construction-market-109848 "Al in
Construction Market Size, Share & Industry Report [2032]"
[7]:https://www.mordorintelligence.com/industry-reports/artificial-intelligence-in-construction-
market "Al In Construction Market Size, Trends & Share Analysis 2030"
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and-construction-technology “The new age of engineering and construction technology”

36



ﬁegt

ours

IS I

\



