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Building owners are under growing pressure to understand how their assets will perform, before committing
capital to energy upgrades, decarbonization plans or resilience strategies. Rising energy costs, tightening

carbon disclosure requirements and investor scrutiny of asset performance mean that decisions about retrofits,
electrification and operational optimization increasingly depend on credible energy and carbon forecasts.
Building modelling and simulation tools are therefore moving beyond design-stage engineering workflows and
becoming part of operational energy management and investment planning. This report benchmarks 17 vendors
and solutions across 10 capabilities in building modelling and simulation for energy management, helping reall
estate, energy and sustainability leaders identify platforms that match their needs — whether their priority is
operational performance monitoring, retrofit investment modelling, decarbonization pathway analysis or climate
resilience assessment. Vendors and product teams can use the research to benchmark their capabilities against
a structured framework and understand how the market is evolving as simulation, operational analytics and
digital twin platforms begin to converge.
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Disclaimer

As an independent analyst firm, Verdantix does not endorse any vendor, product or service covered in our research
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on its analysis of the market, survey data and review of vendor solutions. Verdantix disclaims all warranties, expressed
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Summary for decision-makers

This report benchmarks 17 vendors across 10 capabilities to help buyers identify platforms that match their
operational context. For software vendors and product teams, the report provides a competitive snapshot
of where the market is differentiating, where significant capability gaps remain, and which use cases are
driving the next wave of buyer demand.

Verdantix assessed each vendor through a structured methodology combining questionnaire responses,
product demonstrations and named deployment evidence across 10 capabilities spanning foundation,
differentiating and resilience functions.

The vendor landscape spans five distinct modelling philosophies: physics-based simulation; live-calibrated
hybrid; data-driven; digital-twin-enabled; and data-driven with twin layer — each with different trade-offs
between fidelity, scalability and operational depth.

Building owners are increasingly using simulation tools to support decarbonization and capital planning
decisions. Leading platforms now allow users to test retrofit measures, forecast carbon trajectories and
evaluate investment pathways before committing capital across a portfolio.

Climate scenario modelling and grid-interactive capability are the two most commercially significant gaps
in the market — under-developed across most of the vendor set at a moment when physical climate risk
disclosure and demand-side grid flexibility are both accelerating in commercial and regulatory importance.

Buyers who match platform architecture to their actual decision-making context will be better served
than those who optimize for aggregate capability scores. The five modelling philosophies in this report
each address a different problem, for a different buyer, at a different stage of the building life cycle.

Figure 4
Building modelling and simulation tools for energy management: capabilities assessment
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Building energy modelling and simulation is moving from a
design-stage discipline to an operational imperative

Building energy modelling has long been the exclusive territory of mechanical engineers and energy consultants —

a design-stage exercise producing compliance certificates that rarely survived first contact with building operation.
The model belonged to the design team, not the owner, and once construction finished, it was filed away. What

is changing goes well beyond simulation, migrating into operations. Building owners now face a level of energy
performance accountability that demands more frequent, rigorous and defensible modelling than the industry has
ever delivered. This is driven by energy markets that can turn cost lines into emergencies overnight, carbon disclosure
regimes tightening around operational performance, and a data infrastructure that has finally made continuous
modelling commercially viable.

This report benchmarks 17 vendors and solutions across 10 capabilities in building modelling and simulation for
energy management, helping real estate, energy and sustainability leaders identify platforms that match their
operational context, whether their priority is continuous performance monitoring, retrofit investment planning,
decarbonization pathway modelling or resilience analysis under future climate scenarios. Vendors and product
teams can use the report to benchmark their capabilities against a structured framework and to assess the
direction of the market.

Energy cost volatility and carbon regulation are forcing building owners to
model before they act

For most of the past decade, building energy modelling was driven by regulatory complionce and sustainability
ambition. Both these factors remain relevant, but neither explains the urgency with which building owners and asset
managers are now rethinking their approach to energy performance. Across energy markets, carbon reporting
frameworks and building regulations, Verdantix finds that:

e Recent energy price shocks have permanently raised the stakes for building energy decisions.
The 2021-22 energy crisis exposed just how little visibility most building operators had over their energy cost
exposure. Prices across European electricity markets rose to levels that had no modern precedent, driven
initially by post-COVID-19 demand recovery and then compounded by the supply disruption that followed
Russia's invasion of Ukraine. For many portfolio owners, the episode made one thing clear: a building that
cannot model the impact of a tariff change or a demand-charge spike in advance is effectively operating
blind on one of its largest controllable cost lines. Geopolitical instability across the Middle East continues to
keep that risk live, with energy supply chains remaining structurally vulnerable in ways that pre-2021 pricing
assumptions never accounted for. Regulatory frameworks such as the EU Energy Efficiency Directive and
the UK Minimum Energy Efficiency Standards (MEES) have since reinforced the commercial case, creating
compliance obligations and financial exposure that reward building owners who can model and verify
performance outcomes, rather than just estimate them.

e Carbon disclosure frameworks are tightening accountability between design and actual emissions.
For years, a building's energy performance certificate (EPC) was simply evidence of compliance - a
design-stage artefact that bore little relationship to how the building actually performed once occupied.
Regulators and investors are no longer accepting that disconnect. The Corporate Sustainability Reporting
Directive (CSRD) brought building-level operational emissions into mandartory reporting for large EU-based
organizations from 2025, with scope extending progressively to mid-sized firms to 2027. The Global Real Estate
Sustainability Benchmark (GRESB) increasingly incorporates operational carbon intensity as a differentiator
for institutional portfolios, while the Carbon Risk Real Estate Monitor (CRREM) ties asset-level decarbonization
pathways directly to lender and investor risk assessments. All three mark a decisive move from design-stage
estimates towards operationally verified data. Such a shift is reshaping what building owners need from their
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modelling tools. Measurabl, managing sustainability data across portfolios representing over S3 trillion in
assets under management, including BXP and Manulife, has grown precisely because these obligations
are now enforceable and financially material.

Performance gap between design intent and operational reality remains a costly problem.

Buildings are designed to perform to a specification that rarely survives contact with real-world operation.
Recent post-occupancy evaluations demonstrate that the ‘energy performance gap'is still a critical hurdle

for the industry. Although design models provide an idealized estimate, actual energy consumption in practice

is frequently two to five times higher than predicted. This gulf is driven by the stochastic nature of occupant
behaviour, persistent issues with sub-optimal systems commissioning, and controls drifting over time. For
decades, this was treated as an unfortunate but manageable inefficiency. As carbon reporting becomes
enforceable and energy costs remain elevated, the gap between modelled and actual consumption now
carries direct consequences for asset valuation, financing terms and regulatory standing. Closing it requires
keeping the model alive through operation. Arcadis's renovation of Castellana 66 in Madrid illustrates the
opportunity in this: bioclimatic simulation grounded in the building's actual thermal condition underpinned
a retrofit that avoided an estimated 10,800 metric tonnes of CO.e.

Several markets are beginning to mandate simulation as part of building compliance.

The regulatory floor for energy modelling is rising, and in several markets, it is already above where most
building owners currently operate. In the UK, CIBSE TM54 requires operational energy forecasting as part of
design sign-off for large non-domestic buildings, closing the longstanding loophole that allowed compliance
models to bear no relationship to predicted in-use consumption. Moreover, in Australia, NABERS Design

for Performance mandates detailed dynamic simulation and independent design review for projects
targeting high-performance ratings. In the US, ASHRAE Standard 209-2024 establishes a structured building
performance simulation process for new construction and major renovations, with adoption progressing

at jurisdiction level. DesignBuilder's 7000-strong global user base reflects what happens when that intent

becomes enforceable: simulation shifts from discretionary investment to a professional requirement, and the
market for capable tools grows accordingly.

The digital infrastructure of buildings has matured to the point where
operational modelling is now feasible at scale

The regulatory and financial pressures reshaping building energy management would have had limited practicall
effect five years ago. Then, the data infrastructure simply was not there. What has changed in the years since is

that buildings are no longer opaque: the proliferation of submetering, cloud connectivity and building management
system (BMS) integration has created the conditions under which operational modelling at scale is not just
theoretically possible, but commercially deployable. Verdantix finds that:

The data environment that energy models depend on has fundamentally changed.

A calibrated energy model is only as good as the data feeding it. For most of the past two decades,

those data were either absent or trapped in siloed BMSs that were never designed to export them. That
constraint is loosening. Cheaper submetering hardware, standardized commmunication protocols and
cloud-native BMS integration have made continuous, granular building data available at a scale that
would have been economically unviable a decade ago. The caveat is that this shift has been concentrated
in newer, better-capitalized assets. Older buildings, which represent the vast maijority of the existing stock
across Europe and North America, remain significantly under-instrumented. Cascade Energy's deployment
of approximately 1,000 data acquisition devices collecting 15-minute interval data across its customer
portfolio shows how the problem is being tackled — but the gap between what is possible and what is in
place across most portfolios remains substantial.
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Cloud-native platforms are making simulation accessible beyond specialist engineering teams.

Historically, deploying a calibrated energy model required dedicated software licences, trained modellers

and weeks of manual data preparation. It was a workflow that placed simulation firmly in the hands of
engineering consultants, rather than the teams responsible for day-to-day building performance. Cloud-native
architectures are changing that calculus. By abstracting the complexity of model set-up behind automated
data ingestion, pre-configured templates and portfolio-scale dashboards, platforms are shifting simulation
from a project-based service into an operational tool with which building managers can engage directly.
Atrius Energy, covering approximartely 250 million square feet of commercial, healthcare and education
buildings across North America, demonstrates that data-driven operational modelling can now be deployed
at portfolio scale without requiring engineering expertise at every site.

Al and machine learning (ML) are closing the gap between simulation and operational reality.

For most of the past decade, keeping an energy model current meant periodic manual recalibration — an
expensive exercise that most building operators could not justify more than once or twice a year. Models
aged quickly and drifted from the buildings they were supposed to represent. What ML-powered calibration
changes is the cadence: baselines update continuously against live meter data, occupancy shifts are
absorbed automatically, and anomalies surface in near real time, rather than at the next scheduled review.
Honeywell Forge's deployments across airports in Pittsburgh, San Diego and Brussels demonstrate how these
models can adapt to operating conditions that a static design model would never anticipate. Meanwhile,
HiPer it!'s large language model (LLM) interface for querying model outputs points to what comes next:
simulation-derived insights reaching operational staff without any technical background — not just the energy
managers who have historically been their only audience.

The role of simulation is expanding beyond energy efficiency into resilience,
decarbonization planning and asset investment decisions

The shift of building energy modelling from design-stage discipline to operational tool is only part of the story.
Simulation is also expanding outwards, into territory that, a decade ago, building owners would not have considered
part of the energy manager's remit. The use cases driving that expansion share a common thread, as:

Simulation becomes a core input to climate risk assessment and resilience planning.

Overheating risk, peak demand stress under constrained grid conditions, and flood resilience analysis were,
until recently, the preserve of specialist engineering studies that were commissioned once and rarely revisited.
However, the people asking for these inputs are now different — and so are their reasons for requesting them.
Physical climate risk disclosure is moving from voluntary to mandatory across major real estate markets. For
example, the Task Force on Climate-related Financial Disclosures (TCFD) is pushing institutional asset owners
to quantify building-level exposure to future climate conditions. That quantification requires simulation tools
capable of modelling energy performance under future weather scenarios, not just current ones. The gap
between what most building owners currently have and what credible climate risk disclosure actually requires
is one of the most commercially significant unmet needs this report identifies.

Decarbonization roadmaps require tools that can model sequenced retrofit impact over time.

A net zero commitment made at the portfolio level must be delivered building by building, measure by
measure, over a horizon that typically stretches to 2040 or 2050. The challenge is that interventions are

not independent: replacing chillers in year one changes the baseline against which a heat pump upgrade
in year four is evaluated, which in turn affects the business case for on-site solar in year seven. Each decision
reshapes the next. A simulation tool that can only model a building's current state, or the isolated impact of
a single measure, cannot support that kind of planning. Decarbonization roadmaps require the ability to run
a chain of sequenced what-if scenarios over time, where the output of each intervention becomes the starting
point for the next, and where the cumulative trajectory is defensible enough to satisfy a lender, regulator or
sustainability-linked loan covenant. That is a materially higher bar than most platforms in this market are
currently equipped to clear.
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Capital allocation decisions increasingly depend on quantified energy and carbon forecasts.

Green lending, sustainability-linked financing and energy performance contracts all require modelled
evidence of future performance - not just a record of past consumption. As these instruments become
mainstream in real estate finance, the ability to produce a credible, auditable energy and carbon forecast
is moving from a nice-to-have to a condition of access to capital. QEA Tech's work with major commercial
clients — generating investment-grade retrofit action plans with quantified savings forecasts and payback
periods from drone-based thermal imaging - illustrates how simulation output is being pulled directly into
capital planning workflows that previously relied on engineer estimates and rules of thumb.

The conditions for operational modelling are improving, but significant
barriers remain

The market for building modelling and simulation is maturing rapidly, but the gap between what leading platforms
can deliver and what most building owners can realistically deploy remains wide. The technical enablers are real,
the regulatory pressure is building, and the commercial case is increasingly clear. However, less often acknowledged
is the set of structural constraints that continue to slow adoption across the bulk of the building stock. Across data
infrastructure, implementation complexity and data governance, barriers persist, as:

Existing building stock presents a data integration challenge that no platform has fully solved.

The buildings that need modelling most urgently are rarely the ones best-equipped to support it. Most
commercial real estate across Europe and North America was built before digital controls were standard, and
much of it operates on legacy BMS infrastructure that was never designed to export data in a usable format.
Retrofitting submetering and sensor networks into these buildings is technically feasible, but commercially
demanding, and the business case is not always straightforward for building owners managing thin operating
margins. Even where data exist, integrating them across multiple systems, protocols and vendors into a single
coherent model remains a significant engineering undertaking. The result is that the data foundation most
platforms assume is far less coommon in practice than the market narrative suggests, and the buildings that
most need the insight that modelling can provide are often the least able to provide the data it requires.

Implementation complexity and skills scarcity limit deployment beyond early adopters.

Deploying a calibrated operational energy model is not a software installation. It requires a combination of
building science expertise, data engineering capability and domain knowledge that most real estate and
facilities teams do not have in-house. The vendors best-positioned to deliver rigorous modelling are those
working with physics-based or hybrid architectures. They typically require significant professional services
engagement to onboard a new site, which adds cost, extends timelines and creates dependency on scarce
specialist labour. CIBSE has flagged an acute shortage of modellers qualified to work at the level that
frameworks such as NABERS UK Design for Performance demand. That skills constraint does not disappear
as platforms become more automated. Rather, it shifts upstream, from model operation to model set-up and
validation, where the consequences of getting it wrong are harder to detect and more difficult to correct.

Data ownership and interoperability remain unresolved commercial and legal questions.

Who owns the building model and the data it runs on is a question the market has not yet answered clearly.

In many deployments, the platform vendor holds the model, the building owner holds the meter data, and

the engineering consultant holds the calibration methodology. This therefore involves three parties, with

three sets of commercial interests, and no standardized framework governing what happens to the data

if any one of them exits the relationship. Building owners are increasingly aware that committing operational
performance data to a proprietary platform creates long-term commercial exposure that is difficult to unwind.
Interoperability between platforms remains limited, data standards for building energy models are fragmented
across competing protocols, and the question of portability has no satisfactory industry answer. Until the
market develops clearer norms around data governance, some of the most sophisticated institutional owners
will continue to approach platform commitment with a caution that no amount of product capability will

fully overcome.
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Introducing the building simulation and modelling tools for the
energy management market

The market for building simulation and modelling solutions is not a single category with a clear leader. It is
collection of tools, platforms and services that have converged on the same problem from different directions —
from engineering software, operational technology, sustainability reporting and digital twin infrastructure. All share
a claim to help building owners understand, predict or optimize energy performance. However, they are separated
by everything else: their underlying methodology, deployment context, buyer they are designed to serve and
decisions they can support. This section sets out how Verdantix defines the market, explains how the vendor
landscape is structured and determines what buyers need to understand before they begin evaluating solutions.

Verdantix defines building modelling and simulation solutions for energy management as:

"Digital tools and platforms that use data inputs, statistical models, ML algorithms, physics-based
simulation engines or digital twin infrastructure - individually or in combination - to represent, predict
or optimize the energy performance of buildings, supporting decisions across the full building life cycle,
from design and retrofit planning to operational management and long-term scenario analysis.”

To provide a structured basis for vendor assessment, Verdantix evaluated 17 vendors across 10 capabilities,
grouped into three categories: foundation capabilities, differentiating capabilities, and resilience and flexibility
modelling. The following vendors participated in the research via structured questionnaire submissions: Arcadis,
Atrius, AUROS Group, Cascade Energy, DesignBuilder, digital blanket, Eaton Corporation, EnergyElephant, Fexillon,
HiPer it!, Honeywell, Measurabl, QEA Tech, Sidara, Siemens, Trane Technologies and Willow.

The building modelling and simulation market spans five distinct modelling
philosophies

The vendors assessed in this report do not compete on the same terms, because they are not solving the same
problem. Their architectures reflect fundamentally different assumptions about what building owners need, when
they need it and how much technical expertise they can bring to bear. The market sits across three layers — data
inputs, modelling approaches and decision outputs — and no single vendor spans all of them with equal depth
(see Figure 1). Across methodology, deployment context and buyer fit, five philosophies define the landscape, with:

e Physics-based simulation offering the highest fidelity, but remaining episodic by design.
The oldest and most technically rigorous category in this market traces its lineage to building energy modelling
tools developed in the 1970s and refined continuously since then. Platforms built around simulation engines
such as EnergyPlus and Integrated Environmental Solutions (IES) Virtual Environment (VE) model a building's
thermal and mechanical behaviour from first principles, accounting for envelope performance, HVAC system
dynamics, occupancy schedules and climate conditions with a level of physical accuracy that no data-driven
approach can replicate. DesignBuilder and Trane Technologies represent this category at its most established,
used by mechanical engineers and energy consultants to size systems, test design options and demonstrate
regulatory compliance (see Figure 2). Some vendors in this category focus on specific and specialized building
science problems, rather than whole-building simulation. QEA Tech, for instance, deploys envelope-first
thermal analysis using drone-based imaging to generate investment-grade retrofit assessments for clients
such as Amazon and JLL.
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e Physics-based, live-calibrated platforms closing the gap between design rigour and operational reality.
The vendors in this category have made the most architecturally ambitious bet in the market, committing
to keeping a physics-based simulation model alive through the operational life of a building, with the
model continuously calibrated against live data, rather than left to drift from the moment of handover.
AURQOS Group operationalizes this through its Independent Data Layer, connecting EnergyPlus and
IES VE simulation models to live building data, while preserving the physical rigour of the design-stage
model. AUROS distinguishes itself from the broader physics-based category with the depth of its operational
integration: models are calibrated to within 1% of actual consumption; carbon accounting runs on hourly
US Energy Information Administration (EIA) and Environmental Protection Agency (EPA) emission factors;
and future performance is projected against pathways, giving building owners a simulation-grounded basis
for long-term decarbonization planning.

e Data-driven platforms scaling by trading physical rigour for continuous operational insight.
Statistical baselines and ML models are built for a specific and genuinely valuable purpose: continuous
portfolio-scale monitoring that tracks building energy performance against historical patterns and
surfaces anomalies as operating conditions shift. Such an operational focus has driven adoption at scale
across commercial, healthcare, retail and industrial portfolios in a way that physics-based tools have not.
EnergyElephant - serving clients such as Intersport across banking, retail and hospitality - and Measurabl
aggregate sustainability data across portfolios representing over $3 trillion in assets under management,
demonstrating the breadth these platforms can achieve. They are limited, however, in forward-looking
scendario analysis: models trained on historical consumption patterns perform well within the bounds of
that history, but their predictive accuracy weakens when asked to evaluate interventions that sit outside it.

e Digital-twin-enabled hybrid platforms embedding energy models within a live building representation.
Where live-calibrated platforms operationalize a simulation model, digital-twin-enabled platforms invert the
architecture: the twin comes first, and the energy model lives within it. A twin that continuously aggregates
asset metadata, systems data and operational telemetry gives the energy model a structural context that a
standalone simulation tool does not have. Siemens Building X, deployed at Prodea Investments in Greece and
the University of East London, and Willow, used across Northern Arizona University's 129-building portfolio with
a ‘carbon-neutral by 2030" goal, represent the twin as operational infrastructure with genuine grid-interactive
depth. This includes real-time carbon intensity signals and active load management. Sidara's PARA OS tokes
a consulting-led route, embedding engineering logic within a continuously updated twin at clients such as
Schneider Electric and Sheraton. Arcadis extends this through its GreenlQ platform and Climate Risk Nexus,
bringing whole-life carbbon assessment and climate scenario modelling aligned with the UN Intergovernmental
Panel on Climate Change (IPCC) into a managed service delivery model.

e Data-driven platforms with a twin layer offering visibility, but not underlying simulation.
For a growing number of vendors, the digital twin serves primarily as a monitoring and visualization layer,
rather than a foundation for physics-based modelling. The modelling core remains data-driven, but the
twin adds spatial context, asset-level visibility and real-time alerting that cannot be provided solely by a
dashboard. digital blanket, deployed across Changi Airport, Embassy REIT and Knowledge Realty Trust,
combines energy management based on the Internet of Things (IoT) with a live twin that surfaces operationall
anomalies and supports human-in-the-loop control decisions. HiPer it! provides an LLM-based interface that
enables operational staff without technical backgrounds to query output models directly. Fexillon Twin, an
accredited data provider under the RESET Energy standard with certified continuous energy monitoring,
sits at the more developed end of this group, with a twin architecture that is live and data-rich, although its
energy modelling depth is still maturing.
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Figure 1
The building energy modelling and simulation ecosystem
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Figure 2
Vendor market positioning by modelling philosophy and deployment context

A Continuous/
operational Continuous operational
data-driven platforms

‘ Measurabl
Modelling type

. Physics-based ‘ EnergyElephant
. Eaton Corporation

Physics-based,
live-calibrated . Atrius
HiPer it!

Continuous operational
hybrid & twin platforms

Siemens .
Willow .

Sidara ‘

Honeywell .

digital blanket

AUROS Group .

Physics-based,
envelope specialist i
Cascade Energy Fexillon

Data-driven
9 B . Arcadis
Episodic data-driven

& specialist platforms

Data-driven with
twin layer

Hybrid, digital-
twin-enabled

Consulting-led ‘ QEA Tech

V Episodic/
projectlevel

<« Data-driven (statistical/ML)

Source: Verdantix analysis

Episodic physics-based
simulation platforms

DesignBuilder '
Trane Technologies .

Physics-based simulation >

A\ Y4 Smart Innovators: Building Simulation And Modelling Tools For Energy Management
I\ Copyright © Verdantix Ltd 2007-2026. Licensed content, reproduction prohibited

12



Foundation capabilities reveal a market defined by trade-offs between
monitoring depth and simulation rigour

The 10 capabilities Verdantix assessed in this report are grouped into two main categories, each designed to test

a different dimension of platform maturity (see Figure 3). Foundation capabilities cover the core functions that any
credible building energy platform should demonstrate: monitoring, forecasting, simulation, carbon modelling and
cost analysis. Across these five capabilities, the vendor set reveals a market where breadth of coverage is common,
but depth is not, and where the trade-offs between operational accessibility and technical rigour define who each
platform is built for. Across these functional capabilities, a picture emerges in which:

e  Operational performance monitoring is split between live platforms and episodic tools.
Operational monitoring is the most widely deployed capability in this assessment, but the label covers a wide
range of technical realities. At one end, platforms such as Honeywell Forge and Siemens Building X ingest live
BMS telemetry, normalize performance against weather and occupancy, and surface anomalies continuously.
At the other, physics-based simulation tools treat monitoring as a periodic input to model recalibration, rather
than a continuous output. Cascade Energy and Eaton Corporation occupy the middle ground, orienting
their platforms primarily towards consumption tracking and interval meter data collection at scale across
commercial and industrial portfolios. Fexillon's RESET Energy accreditation as a certified continuous monitoring
data provider represents a meaningful differentiator within the data-driven digital twin layer category, where
monitoring rigour varies considerably between vendors.

e Energy performance forecasting appears in most platforms, but varies in method and granularity.
Most platforms in this assessment claim forecasting capability, but the methodological gap between
them is substantial. Regression-based baselines normalized for weather and occupancy represent the
market standard. These deliver reliable short-term consumption predictions for well-instrumented buildings
characterized by stable operating patterns and sufficient metering history. However, they lose predictive
reliability when occupancy or operational conditions shift materially. AUROS Group moves materially
beyond this, projecting building performance against future grid decarbonization trajectories and
Shared Socioeconomic Pathway 2 climate scenarios through to 2050. This approach transforms forecasting
from an operational tool into a long-term investment planning instrument. Honeywell Forge takes a different
route, using ML models continuously retrained against live operational data across complex multi-use assets
to generate forecasts that adapt to shifting occupancy patterns and system behaviour in ways that static
regression baselines cannot.

e Energy performance simulation is where the vendor set polarizes most sharply.
No other capability in this assessment divides the market as cleanly as simulation. DesignBuilder and
Trane Technologies operate at the physics-based end of the spectrum (see Figure 2), running whole-building
dynamic simulations through engines capable of modelling thermal behaviour, HVAC system dynamics
and envelope performance at a level of fidelity that data-driven approaches cannot match. Sidara’s
PARA OS takes a different position, weaving engineering-grade simulation into a managed service that
keeps the model anchored to real operational performance, rather than treating it as a periodic deliverable.
Most of the vendor set, however, does not simulate in any physics-based sense. Their models predict future
consumption by extrapolating from historical patterns — a methodology that is operationally useful, but
structurally limited when applied to scenarios the building has not previously experienced.
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Figure 3
Functional capability definitions

Foundation capabilities

Ability to ingest live or near-live energy consumption data from multiple sources, normalize
performance against external variables such as weather and occupancy, detect anomalies
automatically, and disaggregate consumption to asset or system level for ongoing
operational insight.

Operational performance monitoring

Ability to generate forward-looking predictions of building energy consumption or demand,
Energy performance forecasting incorporating multiple independent variables, updated continuously or regularly as conditions
change, with sufficient granularity to support operational and planning decisions.

Ability to model and simulate building energy behaviour under alternative conditions or
intervention scenarios - evaluating the quantified energy, cost and carbon impact of specific
operational changes, control strategy adjustments or physical modifications before or during
implementation.

Energy performance simulation

Ability to calculate, track and model GHG emissions associated with building energy
consumption — with configurable emission factors, support for multiple accounting
methodologies, and the ability to model forward-looking carbon trajectories aligned to
decarbonization pathways.

Carbon and emissions modelling

Ability to model energy cost outcomes under different tariff structures, attribute costs to
specific end-uses or systems, and support scenario comparison across tariff options —
enabling building owners to understand the financial implications of energy decisions with
the level of complexity their contracts require.

Differentiating capabilities

Ability to model the expected energy, cost and carbon impact of retrofit measures or energy
conservation measures before implementation, and to verify actual performance against
that expectation after implementation — with methodology rigorous enough to support
contractual, financing or regulatory requirements.

Energy cost and tariff modelling

Retrofit simulation with M&V

Ability to host and manage energy models within a live digital representation of building

assets, systems and spaces — where the twin is continuously calibrated with operational data
and simulation can be conducted within that context, enabling energy modelling that is lboth
structurally grounded and operationally current.

Digital-twin-enabled energy modelling

Resilience and flexibility modelling capabilities

Ability to simulate building energy performance under future climate and weather conditions
Climate scenario modelling - including overheating risk, peak demand stress and resilience testing against climate
change scenarios - using recognized future weather datasets or scenario frameworks.

Ability to model the energy system impact of DERs - including solar PV generation, battery
DER impact modelling storage dispatch, EV charging loads and other on-site generation or storage assets — and to
simulate their effect on building consumption, costs and carbon.

Ability to evaluate and optimize building energy strategies in response to grid signals, tariff
Grid-interactive modelling structures and flexibility market requirements - including demand response programme
participation, load shifting, peak shaving and grid export optimization.

Source: Verdantix analysis
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Carbon and emissions modelling is near-universal, but methodology quality varies considerably.

Carbon tracking appears across almost every platform in this assessment, but the sophistication behind it
spans a wide range. Applying static annual emission factors to meter data is now table stakes; to distinguish
themselves, vendors must go further. Willow's integration of both average operating emissions rate (AOER)
and marginal operating emissions rate (MOER) grid carbon signals, updated in real time and forecast hours
ahead, transforms carbon from a backward-looking reporting metric into a live operational input. Arcadis’s
Future IMPACT+ framework and One Click LCA integration takes a longer view, extending carbon modelling
into embodied carbon and whole-life carbbon assessment across a portfolio of over 5,000 active projects — a
methodology better aligned with asset owners making long-term investment and procurement decisions.
The bulk of the vendor set sits between these two orientations, with carbon capability built primarily around
emissions factor multiplication applied to consumption data. This serves compliance reporting needs, but
offers limited support for operational or strategic decision-making.

Energy cost and tariff modelling remains least-developed across the vendor set.

Across the 17 vendors assessed, energy cost and tariff modelling is the foundation capability where buyers
requiring genuine analytical depth have the fewest credible options. Most platforms convert consumption
data into cost figures using static rate structures, which serves benchmarking and trend analysis well, but
falls short of what building owners with complex utility contracts actually need. Demand charge optimization,
time-of-use tariff comparison and the financial modelling of grid flexibility programmes all require a level

of tariff granularity that only a handful of platforms currently demonstrate. DesignBuilder's ability to apply
detailed tariff structures such as time-of-use rates and demand charges directly to simulated consumption
profiles represents the most comprehensive approach in this assessment, while Willow's integration of
real-time grid pricing signals into live load management workflows points to where operational tariff modelling
is heading. The broader market has not yet developed a platform that models energy cost outcomes with

the same rigour it brings to carbon accounting or consumption forecasting — and that gap is growing more
commercially significant as utility contracts become more complex and grid pricing more dynamic.

Differentiating and resilience capabilities separate vendors with advanced
modelling ambition

Beyond the foundation capabilities that establish whether a platform can monitor, forecast and report at a basic

level, Verdantix assessed a further set of differentiating capabilities that determine whether a platform can support

the decisions that actually move capital and reduce carbon at scale. Within that tier, we identified a subset of

resilience and flexibility capabilities, reflecting the growing commmercial importance of climate scenario analysis,

distributed energy resource (DER) integration and grid-interactive modelling for building owners navigating a more

volatile energy and regulatory environment. It is across these two advanced tiers that the vendor set separates most

decisively, and where buyers with demanding use cases will find the market thinner than the marketing suggests.

Across these differentiated capabilities, Verdantix finds that:

Retrofit simulation with M&V is strong, reflecting sustained demand for verifiable savings.

Of all the differentiating capabilities, retrofit simulation with measurement and verification (M&V) shows

the broadest coverage across the vendor set, driven by the commmercial reality that energy performance
contracts and sustainability-linked financing both require verifiable savings evidence. Trane Technologies
demonstrates strong pre-implementation retrofit modelling using its physics-based simulation infrastructure,
generating sequenced energy conservation measure scenarios grounded in whole-building thermal analysis.
digital blanket's Vector Medallion Engine applies multivariate statistical modelling to pre- and post-deployment
scenario comparison, with benchmarking aligned with the International Performance Measurement and

Verification Protocol (IPMVP) across its hotel and commercial real estate deployments. Eaton Corporation

brings M&V into operational monitoring workflows, validating energy project outcomes against modelled
baselines across its industrial and commercial customer base. The weakest performers in this category are
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platforms whose M&V capability amounts to little more than comparing forecasts with actuals, with no
pre-implementation modelling depth.

Digital-twin-enabled energy modelling is the most architecturally demanding capability.

A digital twin that genuinely supports energy modelling is not simply a visualization layer with a consumption
dashboard attached. Rather, it requires a continuously updated representation of building assets, systems and
spaces, with energy models hosted within that structure and calibrated against live operational data. Siemens
Building X demonstrates this most fully, with its twin architecture deployed at scale across complex mixed-use
and institutional portfolios, supporting both operational optimization and scenario-based planning. Sidara's
PARA OS takes the twin as its operational backbone, using the continuously updated asset representation as
the context within which engineering-grade performance analysis is conducted, with investment decisions
stress-tested against real building behaviour, rather than design assumptions.

Climate scenario modelling is most unevenly distributed across the vendor set.

The ability to simulate building energy performance under future climate conditions is commmercially
significant and technically demanding, and the vendor set reflects both of those realities. AUROS Group's
methodology for generating complete 8,760-hour future weather files under Shared Socioeconomic
Pathway 2 scenarios for 2030, 2050 and 2070, combined with projected grid decarbonization trajectories,
represents a level of climate modelling rigour that very few platforms in this market approach. Arcadis
brings a consulting-led counterpart through its Climate Risk Nexus platform and its work on climate
vulnerability assessments for institutional clients such as the National Archives, using IPCC-scenario-based
morphed weather files to stress-test mechanical systems and envelope performance under future conditions.
The majority of vendors either treat climate scenario modelling as an emerging capability or do not address
it at all, leaving a gap that is growing more commercially consequential as physical climate risk disclosure
obligations tighten.

DER impact modelling is often cited, but rarely shown at full system integration level.

As solar, battery storage and electric vehicle (EV) charging infrastructure become standard features of

the commercial real estate landscape, the ability to model their impact on building energy performance

is moving from a differentiator to a baseline expectation. Willow's asset model explicitly incorporates DERs
alongside building loads within its Knowledge Graph, enabling coordinated monitoring and control that
treats the building and its on-site generation and storage as a single integrated energy system. Siemens
provides DER integration in its broader building performance management stack, with modelled scenarios
that account for on-site generation, storage dispatch and grid export. The bulk of the vendor set, however,
treats DERs as a data input rather than a modelling subject, capturing generation and consumption figures
without the system-level integration that meaningful DER impact analysis requires.

Grid-interactive modelling remains the least-developed capability in the vendor set.

The vision of buildings as active grid participants, consuming, storing and exporting energy in response to
real-time price and carbon signals, is gaining regulatory and commercial momentum. The vendor set,
however, reveals how far most platforms still have to travel. Willow is the most advanced in this assessment.
Its Activate Technology and Active Control capabilities enable automated load shed, load shift and demand
flexibility strategies that respond to live grid conditions and forecast carbon intensity and demand charge
thresholds across production deployments at hospitals, airports and university campuses. Honeywell Forge's
ML-driven operational models provide the contextual intelligence that makes demand response viable at
scale without compromising occupant comfort. For buyers whose ambitions extend beyond demand charge
management into active grid participation, carbon-optimized load shifting or DER coordination, the options in
this market are currently narrow. Organizations prioritizing grid-interactive capability should approach vendor
selection with a clear view of what is live in production today and what remains on product roadmaps.
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Vendor capability scores reveal a market of specialists, not generalists

The capability scores presented in Figure 4 reflect the Verdantix assessment of each vendor across the 10 capabilities,
based on structured questionnaire responses, product demonstrations, named case studies and supplementary
evidence submitted by vendors following initial contact. Scores range from zero to four, where a score of four denotes
market-leading capability with multiple named deployments and differentioted methodology, and a score of zero
reflects no demonstrated evidence.

The Harvey ball assessment that follows should be read not as a ranking, but as a diagnostic tool and a way of
understanding where each vendor's strengths concentrate, where trade-offs have been made, and which platforms
are suited to the use cases a buyer is trying to address.

The market is expanding and maturing, but the gap between modelling
ambition and deployment reality remains wide

The forces reshaping building energy management are pulling a broader range of building owners towards more
rigorous and more continuous modelling than the industry has historically delivered — and the vendor landscape

is responding. More solutions exist today across the full spectrum from portfolio-scale operational monitoring to
physics-based simulation than at any previous point in this market's development. The critical point for buyers is
that this is not a single market with a clear capability hierarchy — each modelling philosophy addresses a different
problem, for a different buyer, at a different stage of the building life cycle. Breadth of options does not equate to
depth of capability, and the distance between platforms that are sufficient for most use cases and those genuinely
equipped for the most demanding ones is wider than it first appears (see Figure 5). Verdantix concludes that:

e Boundaries between design-stage and operational simulation are dissolving, albeit slowly.
Physics-based simulation tools are beginning to find their way into operational workflows, driven by the
redlization that a model calibrated to actual consumption is a fundamentally different asset to one filed
away at handover. AUROS Group's Independent Data Layer architecture and the operational deployments
coming out of Sidara's engineering services practice both point to a future in which the design model and
the operational model are the same object, continuously updated rather than periodically replaced.
That future is real, but narrow, and confined to buildings with the data infrastructure, budget and technical
sophistication to support it. For the vast majority of existing stock, most of which was built before energy
performance was a meaningful design consideration at alll, closing the gap between actual consumption
and what optimal operation could deliver will require sustained investment in both data infrastructure and
modelling capability over many years.

e Data-driven platforms will face growing pressure to demonstrate forward-looking modelling depth.
The commercial drivers shaping the next wave of investment in building energy management — such as
decarbonization roadmaps, climate risk disclosure and sustainability-linked financing — all require something
that historical pattern recognition cannot reliably provide: a credible answer to what the building would
do under conditions it has not yet experienced. Regression-based baselines are well-suited to detecting
anomalies and verifying savings against a known historical pattern, but they cannot model the energy
impact of a retrofit that has not yet happened or simulate building performance under a future climate
scenario. Platforms that have built their market position on operational monitoring and M&V will increasingly
encounter buyers whose requirements extend into that territory. The vendors best-positioned for that shift
are those that have already begun integrating physics-based components, whether through platform
architecture or via partnerships with specialist simulation providers.
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Figure 4

Building modelling and simulation tools for energy management: capabilities assessment
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partner platforms for operational monitoring and
decarbonization delivery.

Cloud-based platform aggregating building data to track
energy performance and verify efficiency outcomes.

IPMVP Option C regression platform built for
utility-sponsored energy management programme M&V.

EnergyPlus-powered simulation tool for design-stage
performance modelling, compliance and retrofit
ECM analysis.

Hylbrid platform combining HVAC optimization logic
with IPMVP-aligned M&V for commercial buildings.

Electrical infrastructure platform for submetering, DER
asset monitoring and operational performance tracking.

Sustainability data platform aggregating energy, waste
and water data for reporting and roadmap planning.

Real-time digital twin integrating BMS and sensor data
for building energy usage analysis.
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Figure 4 (continued)
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Figure 5
Building modelling and simulation vendors across the building life cycle
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Climate and grid-interactive capabilities will define the next generation of market leaders.

The two capabilities where the widest gap exists between what the market currently delivers and what
buyers will need over the next five years are climate scenario modelling and grid-interactive modelling.
Physical climate risk disclosure is tightening, grid decarbonization is accelerating, and the buildings sector
is being asked to play an increasingly active role in demand-side flexibility. The vendors that are investing
now in the technical infrastructure to support these capabilities — future weather file generation, real-time
grid carbon signal integration and closed-loop demand response — are building a competitive position that
will be difficult to replicate quickly.

Buyers should prioritize platform fit over feature breadth when evaluating solutions.

A physics-based simulation tool that is right for a design engineer running regulatory compliance
assessments is structurally the wrong choice for a portfolio manager trying to monitor 500 buildings
continuously. Conversely, a data-driven operational platform that excels at anomaly detection and M&V
will disappoint a sustainability team trying to model a 2040 decarbonization pathway. The capability
framework in this report is designed to make those trade-offs visible, with the market positioning matrix
in Figure 1 providing a starting point for mapping vendor architecture to buyer context. Organizations
that approach platform selection with a clear view of their primary decision-making use case will be
better-served than those that optimize for the highest aggregate capability score.

\ Y4
N\

Smart Innovators: Building Simulation And Modelling Tools For Energy Management
Copyright © Verdantix Ltd 2007-2026. Licensed content, reproduction prohibited

21


https://www.verdantix.com/

Master the
detall

verdantis¢

reimagine

the big picture

Unlimited analyst
Inquiry service

The world’'s most influential businesses and
forward-looking tech leaders rely on Verdantix
to inform their critical decisions.

Verdantix analyst inquiries help you apply our research and data to
your unique business context, so you can evaluate your market position,
benchmark against competitors, sharpen your product and messaging,

and navigate evolving market dynamics.

Inquire now Explore our research

verdantix.com | M25MA2603Q1002-S|

Verdantix is an independent analyst firm that supports a
global client base through research, data and advisory.

Contact

Verdantix Ltd,
Woolyard, 52-56 Bermondsey Street,
London SE13UD, United Kingdom

contact@verdantix.com
©@Verdantix



mailto:contact%40verdantix.com?subject=
https://www.verdantix.com/inquiry/analyst-inquiry
https://www.verdantix.com/
https://www.verdantix.com/
https://www.verdantix.com/expertise
https://www.verdantix.com/

