Transforming the MEP Workforce:

Human-Al Collaboration in Engineering Practice

Paper 2 of 4: Human-Al Collaboration

Authors:

Daniel Mansson - Chief Digital Officer - Bengt Dahlgren, Sweden
Davor Stjelja - Al Lead - Granlund, Finland

John Coroner - Chief Operating Officer - Ethos Engineering, Ireland
Niels Vercaemst - Technical & Innovation Director - Ingenium, Belguim



Generative Al is reshaping value
creation in MEP engineering,
shifting advantage from
execution speed toward strategic
judgment, orchestration, and
responsible stewardship of
outcomes. Al should be treated
as a capability multiplier, not

a replacement for engineering
rigor, the engineer remains
accountable for verification,
code compliance, and
professional liability.

This paper describes two
hybrid archetypes emerging

in MEP firms, the engineer

as tool builder, translating
domain expertise into practical
automations and workflow
accelerators, and the engineer
as design orchestrator, defining
requirements, interpreting Al
generated options, validating
outputs, and synthesizing
multidisciplinary constraints
into coherent decisions. Scaling
these roles requires baseline Al

Executive Summary

maturity across the workforce,
shared language, repeatable
practices, and clear quality
control routines, otherwise
adoption fragments into isolated
pockets of value.

The paper also highlights
embedded risks, deskilling,
homogenization, automation
bias, cognitive strain, and
positions data quality,
governance, and human in

the loop verification as non-
negotiable foundations for
trustworthy Al augmented
practice. It builds on the
strategic foundation established
in Paper 1, and sets up Paper 3
on technical architecture, and
Paper 4 on business strategy and
Implementation roadmaps.



Introduction: The MEP
Engineering Advantage

MEP engineers possess
inherently strong technical
foundations, thermodynamics,
fluid mechanics, electrical
systems theory, control

logic, making them uniquely
positioned to adopt Al tools that
complement rather than replace
their expertise. Unlike many
industries facing Al disruption,
MEP professionals combine
mathematical rigor with practical
system understanding, creating
an ideal foundation for human-
Al collaboration. This technical
depth, combined with years

of navigating complex building
codes and multi-disciplinary
coordination, positions MEP
engineers not as victims of
automation but as orchestrators
of intelligent systems.

Introduction: The MEP Engineering Advantage

The transformation ahead isn’t
about replacing engineering
judgment with algorithms.

It’s about amplifying existing
expertise through intelligent
tools while preserving the
creative problem-solving and
client understanding that define
exceptional engineering. This
paper examines how MEP firms
can navigate this workforce
transformation, building on the
strategic foundation established
in Paper 1.



Beyond Efficiency: The Rise of
the Hybrid Professional

The rise of Generative Al
represents a fundamental shift
in the economics of professional
knowledge work. We are
witnessing a transformation in
value creation, moving from
execution efficiency, how fast a
calculation can be performed,
toward strategic judgment,
determining what should

be calculated and why. This
transformation demands that
the MEP engineering workforce
evolve into hybrid “Developer-
Architects,” professionals who
possess deep domain knowledge
coupled with technical fluency in
Al paradigms.

In this new era, Al is not
replacing the engineer; itis
expanding the capability to

develop tools and calling for

a higher level of stewardship.
The premium shifts from those
who can execute standard
calculations to those who

can orchestrate complex Al-
augmented workflows while
maintaining engineering rigor.

Evolving Role Definitions

The binary distinction between
“engineer” and “programmer”

Is collapsing. As this boundary
blurs, two distinct archetypes
are emerging within modern MEP
firms:

GenAl is transforming how
engineers capture domain
knowledge into custom tools
without requiring formal
programming education. MEP
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engineers can now use natural
language to generate Python
scripts for IES-VE energy
modeling, automate Revit MEP
family parameters, or create
custom HVAC load calculation
tools that incorporate ASHRAE
standards directly into their
workflow.

Central to this evolution is the
Model Context Protocol (MCP),
which connects conversational
Al to rigorous computational
solvers. For MEP applications,
this means an engineer can
describe a chilled water system
optimization problem in plain
English, and MCP translates this
into structured commands for
validated simulation engines
like EnergyPlus or TRNSYS.

The framework ensures
computational fidelity while
maintaining the accessibility



of natural language interfaces
- critical given that standalone
LLMs can produce errors
exceeding 400% in structural
calculations, while MCP-
integrated systems achieve
accuracy within 1.5%.

This shift toward tool building
addresses the cognitive
balance between routine and
creative work. By automating
repetitive tasks like equipment
schedule generation, duct
sizing iterations, or electrical
load tabulations, engineers
free cognitive resources for
higher-value activities: system
optimization, sustainable
design strategies, and innovative
problem-solving.

While the “Builder” aspect
handles automation, the
“Orchestrator” role shifts focus
from hands-on execution to Al
stewardship. Because LLMs are
linguistic rather than numerical
engines, the preferred strategy
Is using them as intelligent
interfaces to verified MEP
calculation engines, not for
direct computation.

The engineer’s role transforms

from performing calculations to:

e Defining system requirements
and performance criteria

* Interpreting Al-generated
options against project
constraints

* Validating outputs against
engineering principles and
code requirements

e Synthesizing multi-
disciplinary inputs into
coherent designs
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e Making judgment calls
on trade-offs between
energy efficiency, cost, and
constructability

This evolution particularly
benefits client-facing activities.
Al’'s automation of routine

tasks fundamentally shifts

how engineers spend their

time less at computers

running calculations, more
alongside clients understanding
objectives. As technical
proficiency becomes table
stakes, the differentiating

factor between leading MEP
firms and their competitors

will be the quality of human
interaction: the ability to build
trust, demonstrate empathy, and
deeply understand what clients
actually need versus what they
initially request.
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Talent Ecosystem
Development

Organizations must evolve their
talent strategies to cultivate this
hybrid workforce proficient in
both MEP domain expertise and
Al fluency.

Before advanced human-Al
collaboration can become a
reliable operating model, firms
must raise baseline Al maturity
across the entire workforce, not
only among early adopters. This
baseline enables consistent
quality, predictable risk
handling, and shared language
across disciplines. Without it,

adoption fragments: pockets of
excellence emerge, but teams
struggle to coordinate, verify
outputs, and reuse proven
practices at scale.

Baseline maturity means
practical fluency, understanding
what Al excels at (equipment
scheduling, repetitive
calculations), where it fails
(non-standard configurations,
site-specific constraints), how
to validate outputs against
engineering principles, and

how to work within governance
and data constraints. This isn’t
a one-time training event but

an organizational capability
system supported by guidelines,
repeatable patterns, and
continuous learning. Once

this baseline is established,
internal champions and reverse
mentoring programs can
compound value faster, because
the organization has a common
foundation for collaboration,
escalation, and professional
stewardship.

Successful deployments often
begin with early adopters -
engineers who’ve already
experimented with ChatGPT

for writing specifications or
Claude for reviewing calculation
reports. These power users
intuitively understand GenAl
capabilities and limitations
within MEP contexts. They know,
for instance, that Al excels

In 2025, Bengt Dahlgren raised baseline Al maturity by rolling out an internal Al platform to all 700 employees, driving
strong adoption and emphasizing responsible, everyday use with clear guardrails and feedback loops.

Alongside controlled experimentation by front runners, the focus now shifts toward deeper domain and company con-
text integration to enable workflow-relevant MEP engineering support.
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at formatting commissioning Digitally native junior engineers ensuring tools are deployed

reports but struggles with
non-standard HVAC system
configurations.

ldentifying and empowering
these internal champions
creates organic adoption. They
become translators between

IT departments deploying
enterprise Al and engineering
teams needing practical
solutions. Their grassroots
credibility accelerates adoption
far more effectively than top-
down mandates.

Smart Al deployment follows

a clear principle learned from
early adopters: implement
reverse mentoring where
young engineers teach Al tools
while senior engineers ensure
fundamental principles aren’t
lost.

guide senior staff through
practical Al applications:

Demonstrating how Al can
accelerate energy modeling
iterations

Showing prompt engineering
techniques for technical
documentation

Training on Al-assisted code
compliance checking

Meanwhile, senior engineers
provide critical domain wisdom:

ldentifying when Al
suggestions violate unwritten
industry practices

Teaching judgment about
safety factors beyond code
minimums

Sharing experiential
knowledge about system
integration challenges.

This bi-directional knowledge
exchange addresses the risk that
Al adoption might compromise
engineering fundamentals while

effectively. It also breaks down
generational silos, creating
collaborative environments
where diverse perspectives
strengthen the entire team.

The goal is developing “smart
talent” MEP professionals
equipped with:

e Digital competencies in BIM,
computational design, and
data analysis

* |nterdisciplinary insight
crossing mechanical,
electrical, and plumbing
boundaries

* Ability to work effectively with
Al as a collaborative partner

e Understanding of data
structures and information
flows

e Skills in prompt engineering
and Al output validation.



This requires comprehensive
strategies addressing
institutional support,
educational partnerships with
universities, and continuous
professional development. For
MEP specifically, this means
evolving from traditional
calculation-focused training
toward system thinking,

data literacy, and human-Al
collaboration skills.

Effective talent development
operates at three interconnected
levels: individual skill-building,
team learning practices, and
organization-wide capability
systems. Progress at one

level reinforces the others,
champions inspire teams, teams
shape culture, and culture
attracts new talent.

Skills Trajectory: What
Changes, What Enudres

As Al assumes routine cognitive
tasks, the strategic premium
shifts to uniquely human
capabilities:

* Repetitive calculations and
compliance checking

* |nitial system layouts and
equipment sizing

* Energy modeling iterations
and optimization runs

* Technical documentation and
specification writing

e Cross-referencing codes and
standards

* Extracting data from drawings
and schedules.

e (Creative problem-solving for
unique building challenges

* Understanding unspoken
client needs and concerns

Section 1: Transforming the Engineering
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¢ Making judgment calls on
acceptable risk levels

* Building trust and managing
stakeholder relationships

* Navigating the dynamics in
project teams

* Providing wisdom from
accumulated experience

* Ensuring ethical
considerations in design
decisions.

The essential elements of
effective engineering teams,
trust, accountability, emotional
intelligence, and collaborative
problem-solving, remain
managed through human
interaction. While Al can process
information and generate
options, it cannot replicate the
nuanced understanding required
when a client says their budget
is fixed but their eyes say they
need convincing, or when a
contractor’s skepticism about

a design approach stems from



unstated concerns about their
crew’s capabilities.

Cognitive Load Management
and the Human-in-the-Loop

Smart Al deployment in MEP
engineering follows principles
from Cognitive Load Theory,
recognizing that human working
memory has finite capacity.
Effective implementation directs
this capacity toward valuable
engineering judgment rather
than mechanical tasks.

Extraneous Load (Mechanical

Overhead): The mental effort
wasted on non-essential tasks:
reformatting spreadsheets,
manual data entry, searching for
product data, converting units,
checking syntax, ... Al should
eliminate this entirely through
automation, freeing mental

resources for actual engineering.

Intrinsic Load (Inherent
Complexity): The genuine
difficulty of understanding
thermodynamic cycles,
electrical load flows, or
hydraulic networks. Al helps

by breaking complex problems
Into manageable components,
providing visual representations,
and offering progressive

Section 2: Human-Centered Al Operations

disclosure of information. The
goal isn’t eliminating complexity
but presenting it manageably.

Germane Load (Productive
Thinking): The valuable mental
effort applied to creative
problem-solving, system
optimization, and engineering
judgment. This is where MEP
professionals create value:
designing innovative solutions,
resolving conflicts between
disciplines, optimizing

for multiple objectives. Al
implementation should
maximize the cognitive
resources available for this
productive work.

Type of Cognitive Load

Extraneous Load

Intrinsic Load

Germane Load

MEP Engineering Examples

Code Checking, Formatting,
Unit Conversion ...

Complex Engineering Challenges

Creative Problem Solving,
New Challenges

Use of Al?

Give to Al!

Work Together with Al

Preserve this for Engineers




Consider HVAC system design:
Al eliminates extraneous load by
automatically sizing equipment
and generating duct layouts.

It manages intrinsic load by
presenting options with clear
trade-offs visualized. This

frees the engineer’s germane
cognitive capacity to focus on
what matters: Will the system
deliver comfort during all
weather conditions? How will

it perform during partial load
conditions? What happens
during maintenance scenarios?

The Enhanced Cognitive
Scaffolding model implements
“Progressive Autonomy”: Al
support gradually decreases
as user competence increases
[10]. Initially, Al might provide

complete duct routing solutions.

As engineers gain experience,
it shifts to suggesting key

decision points. Eventually,
it only intervenes for unusual
conditions, ensuring skills
develop rather than atrophy.

Quality Control Frameworks

In MEP engineering, rigorous

verification remains non-

negotiable. When Al generates

a pump curve or suggests a

transformer size, engineers must

verify against:

* Manufacturer’s actual data
sheets

* Project-specific requirements
not captured in prompts

* Local code interpretations
that vary from standards

e (Constructability and
maintenance access
requirements

e (Coordination with other
disciplines’ systems.

Section 2: Human-Centered Al Operations

The shift is from performing
calculations to stewarding
quality, ensuring Al understands
project context, verifying outputs
meet all requirements, and
catching the edge cases where
statistical patterns fail. For
instance, Al might correctly size
a cooling tower for peak load but
miss that the selected model
won’t fit through the available
access route.

The effectiveness of Al in MEP
fundamentally depends on data
quality. High-quality, structured
data from previous projects
enables reliable Al assistance.
However, the industry’s “dark
data” problem (decades

of projects in inconsistent
formats, proprietary file types,
and unstandardized naming
conventions) creates risks.

10.



The successful integration of

Al into engineering operations

requires more than just

technical implementation, it
demands rigid adherence to data
standardization and cleansing
protocols. Before Al can deliver
value, firms must undertake the
unglamorous but critical work of:

e Establishing consistent
naming conventions across
all disciplines (mechanical,
electrical, plumbing)

e Standardizing equipment data
formats and classification
systems

* Cleaning historical
project data to remove
inconsistencies and errors

e Creating unified templates
for calculations and
specifications

e Building structured databases
that Al can reliably query

* Implementing data validation
rules to prevent future
corruption.

This data preparation represents

significant upfront investment
but becomes the foundation
for all Al capabilities. Without
it, even the most sophisticated
Al tools will produce unreliable
outputs. Human oversight isn’t
merely a regulatory checkbox,
it’s the primary mechanism for
ensuring data quality standards
are maintained as new
information enters the system.

Poor data quality leads to:

* Al “hallucinating” equipment
specifications that don’t exist

* Misapplying design patterns
from different building types

* Perpetuating historical biases
in system selection

e Missing critical project-
specific requirements

Successful firms invest in
comprehensive data governance
before Al deployment,
recognizing that clean,
standardized data is the
prerequisite for trustworthy

Al assistance in engineering

Section 2: Human-Centered Al Operations

operations.

Embedded Risks: Managing
the Comfort-Growth Paradox

The dual nature of Al presents a
paradox: systems helpful enough
to be valuable risk eliminating
the friction necessary for
professional development.
Junior engineers who never
manually calculate heat loads
may not develop intuition for
when results seem wrong. The
challenge is particularly acute
in MEP, where understanding
fundamental principles remains
critical for innovative problem-
solving.

Mitigation strategies include:

e Requiring manual verification
of Al outputs on a sampling
basis

* |mplementing “Al-free”
training exercises for

11.



fundamental concepts

e (Creating reflection points
where engineers must explain
Al-generated solutions

e Rotating assignments
between Al-assisted and
traditional methods

e Maintaining mentorship
programs that emphasize
principles over tools.

Beyond these tactical measures,
firms should cultivate what
researchers call “mental self-
renewal”: the ability to step
back, question assumptions,
and adapt thinking when
faced with complexity [4].
This reflective capacity helps
engineers maintain the
professional judgment that
distinguishes expertise from
mere tool operation.

Although GenAl makes it
easier and faster to produce

technical documentation and
design content, it tends to favor
common, mainstream patterns
of language and thought. This
can lead to a flattening effect
where unique engineering
approaches, regional design
traditions, and varied problem-
solving methodologies are
diminished, resulting in a loss
of creativity and diversity in how
MEP solutions are conceived
and expressed.

In MEP engineering, this
manifests as convergence
toward “safe” solutions: always
specifying conventional VAV
systems when innovative
alternatives like chilled beams,
displacement ventilation, or
hybrid natural ventilation might
better serve the project. The
homogenization risk extends
beyond technical choices to
how we communicate about
engineering, potentially eroding
the distinct perspectives that

Section 2: Human-Centered Al Operations

come from different educational
backgrounds, cultural contexts,
and professional experiences.

The framework must encourage

engineers to:

e Question Al’s initial
suggestions and actively seek
alternatives

* Preserve regional and cultural
approaches to building
systems design

* Apply creative constraints
that force innovative thinking

e Combine Al suggestions in
novel ways while maintaining
distinct professional voice

* Ensure final designs reflect
human creativity, not
statistical averages.

12.



Section 3: Collaborative Dynamics in
Al-Augmented Teams

Team Coordination with Al

The integration of Al
fundamentally reshapes
team dynamics, requiring
new coordination methods
while addressing persistent
collaboration challenges.

For MEP teams, the Model
Context Protocol (MCP) provides
crucial infrastructure for Al
coordination. MCP enables:

e (Connecting conversational
Al to specialized MEP
calculation engines

e Sharing project context
across different Al tools and
team members

e Maintaining consistency
when multiple engineers use
Al assistance

* Integrating Al with existing
tools like Revit, AutoCAD
MEP, and energy modeling
software.

MCP’s architecture creates

an interpretable interface
between natural language and
technical tools. For example,
when a mechanical engineer
describes a VAV system
modification, MCP translates
this into specific commands
for the HVAC simulation engine
while maintaining project
parameters established by the
electrical engineer for power
requirements.

This infrastructure, combined
with emerging frameworks like
Agent-to-Agent (A2A) protocols,
enables specialized Al agents
to coordinate: the mechanical

design agent communicates with

the electrical load calculation
agent, ensuring systems remain
coordinated even as designs
evolve rapidly through Al
assistance.



Section 3: Collaborative Dynamics In
Al-Augmented Teams

14.



Maintaining Team Cohesion

While Al has transformed
individual productivity, it

hasn’t eliminated fundamental
teamwork challenges. Studies
show core collaboration
problems persist: maintaining
accountability, ensuring clear
communication, and managing
interpersonal dynamics .

Al integration has created a
cultural shift where extreme
efficiency is now expected

and normalized. What once
impressed, generating a full
mechanical layout in days rather
than weeks, is now baseline. This
raises performance expectations
but also creates new pressures.

Professional judgment is now

assessed not on whether

engineers use Al, but on how

transparently and responsibly

they deploy it. Teams require

new norms:

e Declaring when Al was used
for specific deliverables

e Documenting prompts and
verification processes

e Sharing successful patterns
across the team

* Acknowledging Al limitations
in project documentation.

Governance & Tool
Management

A significant challenge facing
MEP firms is the “shadow

Section 3: Collaborative Dynamics in
Al-Augmented Teams

Al”: engineers using personal
ChatGPT or Claude accounts to
accelerate their work without IT
approval. Rather than prohibiting
this practice, successful firms
recognize it as valuable signal
intelligence.

These shadow deployments

reveal where genuine value

exists:

* Engineers using Al to write
equipment submittal reviews

* Teams deploying Al for
meeting minute generation

* |Individuals automating
repetitive RFl responses

e Groups sharing prompts for
calculation report formatting.

The strategic response follows
the framework: Govern > Map >
Measure » Manage

Ethos Engineering began its Al journey in 2023 with a strong focus on responsible governance, establishing an Al Task
Force, baseline policy, and controlled tool adoption supported by IT and Legal oversight.

Through targeted training and real-world pilots, the firm achieved 8-20% efficiency gains and is now scaling Al integra-
tion across EMEA with close attention to regulatory compliance.

15.
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Al-Augmented Teams

Establish clear
policies about acceptable
Al use, data security
requirements, and quality
control standards.

Document where teams
are finding value from Al
tools.

Quantify
productivity gains and risk
exposure.

Procure enterprise
solutions that provide
security while maintaining

flexibility. Studies indicate up to 95% of

GenAl initiatives fail to show
measurable impact, not due to
weak technology but integration
friction. Success requires
fundamentally redesigning
workflows rather than “bolting Al
onto yesterday’s processes.”

This tactical framework
represents early-stage maturity.
As firms progress, governance
evolves from rule-following to
genuine responsibility, where
ethical Al use becomes an
organizational capability rather

than a compliance checklist. For MEP firms. this means:

e Rethinking design review
processes when Al can
generate options in minutes

e Restructuring documentation
workflows around Al
assistance

e Adjusting project schedules
to account for accelerated
design but increased
verification

* Modifying fee structures to
reflect value beyond hours
worked

* Creating new roles focused
on Al coordination and quality
assurance.

Advanced integration techniques
like Retrieval-Augmented
Generation (RAG) become
essential for MEP applications,
connecting Al to firms’
proprietary project databases,
standard details, and equipment
libraries. This bridges the gap
between generic Al capabilities
and firm-specific expertise
accumulated over decades.

16.



Embedded Risks: Avoiding
Fragmentation and
Homogenization

When teams rely on the same

Al models, collective solution
diversity can shrink. If every
MEP firm uses identical Al
assistants, building systems risk
converging toward statistical
averages: functional but
uninspired solutions that meet
code but miss opportunities for
innovation.

Mitigation requires:

e (Customizing Al training on
firm-specific successful
projects

* Encouraging divergent
thinking beyond Al
suggestions

e Maintaining diverse team
composition with varied
backgrounds

e C(Celebrating innovative

solutions that deviate from Al
recommendations

e Creating innovation metrics
beyond efficiency.

Paradoxically, high Al immersion
can increase rather than
decrease mental burden. The
effort required to constantly
verify Al outputs, combined
with automation bias toward
accepting plausible-sounding
answers, can lead to cognitive
fatigue.

MEP teams must recognize that

while Al accelerates routine

work, it demands new vigilance:

* FEvery Al-generated
calculation requires
verification

* Each suggested solution
needs context checking

e All automated coordination
requires human oversight

Section 3: Collaborative Dynamics in
Al-Augmented Teams

e Plausible-looking
specifications might hide
critical errors.

In MEP engineering, professional

liability remains clearly with

the engineer of record. While

Al can assist with calculations

and suggest designs, licensing

agreements explicitly place
responsibility on users. This
creates imperatives for:

This creates imperatives for:

e Comprehensive
documentation of Al use in
project files

e C(Clear verification procedures
for Al-generated content

* Training on Al limitations and
failure modes

* |nsurance considerations for
Al-augmented practice

e (Client communication about
Al’s role in design processes.

17.



The transformation of the

MEP workforce through Al
integration isn’t a distant future,
it’s happening now. Firms

that successfully navigate

this transition will combine

the best of both worlds: Al’s
computational power and
pattern recognition with human
creativity, judgment, and
relationship skills.

The key insights for MEP leaders:

Technology alone won’t
transform your firm. Success
requires developing hybrid
professionals who combine

MEP expertise with Al fluency.

Learn from what
your teams are already doing
with consumer Al tools rather
than imposing top-down
solutions.

Use Al to eliminate drudgery,
not the challenging work
that develops expertise and

Conclusion: The Path Forward

delivers value to clients.

Implement frameworks

like MCP that enable Al to
enhance rather than fragment
team coordination.

No amount of Al
sophistication replaces
the need for professional
judgment and verification.

The firms that thrive won’t

be those with the most
advanced Al, but those that
most effectively combine

Al capabilities with human
expertise. This requires
thoughtful implementation
that enhances rather than
replaces the uniquely human
capabilities that clients value:
creativity, judgment, empathy,
and the wisdom that comes from
experience.

Paper 3 in this series will explore
the technical architecture
needed to support this

transformation, while Paper

4 will address business
strategy and implementation
roadmaps. Together, they
provide a comprehensive guide
for MEP firms navigating the Al
transformation ahead.
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