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Integrating Physics-Based Building Energy Modeling into Independent Data Layers:
Creating New Context for University Campus Performance

Introduction: The World of What's Possible vs. What Is

Large, complex universities face an unprecedented challenge: how to optimize building performance across
diverse portfolios while simultaneously reducing operational costs, meeting decarbonization mandates, and
maintaining world-class research and learning environments. Traditional approaches rely on historical data
and statistical regression to understand building performance—answering the question "how is my building
performing compared to last year or similar buildings?" But this leaves a critical question unanswered:
"What is my building's optimum performance potential?"

The integration of physics-based building energy modeling (BEM) into independent data layers creates an
entirely new context—one that lives in the world of what's possible rather than what is. By operationalizing
sophisticated whole-building performance models and merging simulation data with real-time operational
data, universities can finally bridge the gap between design intent and operational reality, unlocking
transformational value across their entire campus ecosystem.

Use Cases: Unlocking Value Through Integration
1. Operationalization of the BEM

The most immediate value from integrating BEMs into independent data layers comes from transforming
"sleeping digital twins"—expensive models created during design that are filed away after construction—into
operational powerhouses.

e Monitoring-Based Commissioning (MBCXx): By continuously comparing actual building
performance data from meters and sensors against calibrated BEM simulation targets, facilities
teams can identify performance gaps in real-time. For a university research laboratory consuming
300 kBtu/sf-yr, if the BEM simulation shows the building was designed to operate at 240 kBtu/sf-yr,
this 25% performance gap becomes immediately visible.

¢ Interrogation-Based Commissioning (IBCx): Before implementing operational changes, facilities
managers can test "what-if" scenarios using the calibrated BEM. The physics-based model provides
answers grounded in building science, not guesswork, reducing the risk of unintended
consequences.

o Automated Functionality Testing (AFT): Integration enables continuous validation that building
systems are operating as designed by signaling equipment failures or control malfunctions before
they cascade into larger problems.

¢ Fault Detection and Diagnostics (FDD): When FDD is informed by BEM simulation context—
understanding how the building should perform under current weather and occupancy conditions,
the signal-to-noise ratio improves dramatically, enabling facilities teams to focus on genuine
operational faults as opposed to overwhelming false positives.
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2. Scenario Planning: From Single Buildings to Campus Ecosystems

Whole-Building Performance Planning: Integrated BEMs transforms “replace in kind” responses
to triggers by revealing each building's full performance potential (energy, thermal comfort, indoor air
quality), often revealing that holistic solutions cost no more than incremental replacements,
achieving more dramatic results.

Campus Performance Planning: For universities with hundreds of buildings, portfolio optimization
becomes critical. Using tools like IES iCD (Intelligent Community Design), entire campuses can be
modeled simultaneously, with simulation results visualized to identify and prioritize investments
based on building triggers, lifecycle, and optimum performance potential rather than arbitrary
"percent better" targets.

3. On-Site Energy Generation and Storage Optimization

Universities with central energy facilities (CEFs), cogeneration systems, and thermal storage represent some
of the most complex energy ecosystems in the built environment. Integration of BEMs with CEF operational
data creates unprecedented optimization opportunities:

Time-of-Use Analysis: By integrating hourly BEM simulation data with real-time CEF production
data and EIA hourly carbon emissions factors, universities can optimize when they generate and
store thermal energy.

Demand Response Planning: BEM simulation data enables sophisticated, demand response
strategies. When the grid signals peak pricing or high-carbon periods, the calibrated models can
identify which buildings, and which systems, can safely reduce loads and shift peak loads without
compromising research activities or occupant comfort.

System Outage Planning: Integrated BEMs ensure continuous operations by simulating campus-
wide impacts of taking a chiller or boiler offline, identifying which buildings will be most affected and
enabling proactive load-shedding strategies or temporary heating/cooling alternatives.

Renewable Integration: For campuses with photovoltaic arrays, the BEM provides context for
understanding true renewable impact.

Capabilities: Technical Foundations That Enable Value

BEM Model Types and Strategic Uses

Different situations demand different modeling approaches, and understanding when to deploy each
maximizes value:

Preliminary/Conceptual Models (IES iCD, massing models): Ideal for campus master planning,

they help universities prioritize which buildings to investigate more deeply.

Detailed Calibrated Models (IES VE, EnergyPlus, eQuest): Calibration of measured consumption

to well under ASHRAE Guideline 14 and/or IPMVP protocols creates operational BEM workhorses,

which enable all use cases described above.

Sub-Component Models (WUFI, THERM): For specific investigations like moisture analysis and

thermal bridging, informing whole-building models for deep energy retrofits.

o Sub System Dynamics (Modelica, BOPTest): For specific investigations like system controls
optimization and sub system energy calibration.

Software-Agnostic Integration: Platforms like AUROS Insights™ accept time-series data from any

simulation software, eliminating vendor lock-in and enabling universities to leverage existing

modeling investments regardless of which tools their consultants use.
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The Calibration Imperative

Calibration transforms a BEM from a design tool into an operational asset used to assess if the building is
performing as intended. An uncalibrated model might predict energy consumption within 20-30% of actual
performance, which may be insufficient for operational decision-making. A model, calibrated to monthly utility
bills (within 5% per ASHRAE Guideline 14), provides good context. A model calibrated to hourly meter data
(within 1%) becomes a precise operational tool.

Data Normalization: Creating One Version of Truth
Universities struggle with disparate data sources using incompatible units of measure:

e Utility invoices report natural gas in MCF, electricity in kWh, costs in dollars
e BAS systems report in Watts, BTU/hr, and various flow rates
e Simulations output in kBtu, kWh, or other units depending on the BEM software

Integration platforms like AUROS Insights™ automatically convert and normalize all data streams into
commonly used units (kWh/MCF/ton-hr/MMBtu, kBtu, dollars, Ibs CO2, and Ibs CO2e) and time intervals
(sub-hourly, hourly, monthly, annually). This creates "one version of truth" across the enterprise, eliminating
data silos and ensuring stakeholders work from identical datasets when making decisions.

For campus central energy facilities, normalization becomes even more critical. Raw energy inputs
(electricity, natural gas) are converted to thermal outputs (ton-hr of chilled water, MMBtu of hot water or
steam) accounting for equipment efficiency, thermal storage, and distribution losses. Only through
comprehensive time-series data normalization can universities understand the true unit costs and carbon
intensity of thermal energy supplied to buildings.

Statistical Regression vs. Physics-Based Simulation: Complementary, Not Competing
This distinction is fundamental to understanding the value proposition:
Statistical Regression Models (Linear, Random Forest, Neural Networks):

e Strengths: Identify patterns in historical data, excellent for predicting future performance based on
past behavior, relatively quick to develop

¢ Limitations: Can only predict within the bounds of available historical data, cannot simulate
scenarios outside past experience, provide no insight into why patterns exist, become inaccurate
when building systems or operations change

Physics-Based BEM Simulation:

e Strengths: Predicts performance based on fundamental thermodynamics and building science, can
simulate scenarios never before experienced, reveals why buildings perform as they do, remains
valid even when building systems change (after updating the model)

o Limitations: Requires expertise to develop, more time-intensive than regression models, accuracy
depends on input quality
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The power comes from integration, not choosing between them. Together, they create complete context:

o What is happening: Real-time meter data
o What happened before: Historical invoice and baseline trend data
e What's expected based on past: Statistical regression predictions

e What's possible based on physics: BEM simulation targets

Automated Carbon Accounting: Beyond Annual Averages

Traditional carbon accounting uses annual blended emissions factors (EPA eGRID), updated every two
years. Integration enables hourly carbon accounting using hourly emissions factors (EIA Balancing
Authority), updated every 24-48 hours. For universities, this hourly granularity transforms decision-making:

e Peak management optimization for building and campus peak load reduction and peak load shifting
to lower operational costs

e Thermal storage operations can be optimized to charge during low-carbon generation periods and
discharge during high-carbon periods

e The true carbon impact of renewable energy generation can only be understood on an hourly basis

e Building Performance Standards (BPS) compliance can be continuously monitored vs annually

e Research comparing EIA hourly factors vs. eGRID annual factors for a sample building showed 10%
to 30% differences in calculated emissions depending on season

For university campuses, this may mean the difference between facing millions in BPS fines or
demonstrating compliance, between qualifying for carbon offset markets or missing opportunities.

Conclusion: De-Risking Investment Through Context

The fundamental value proposition of integrating physics-based BEMs into independent data layers is
derisking investment in building performance. Universities can finally answer the two critical questions
that have historically remained unanswered:

1. "What is my building's (or campus's) optimum performance potential?"
2. "Did | get what | paid for?"

Without this integration, universities operate in partial darkness, seeing how buildings perform relative to
history or peers but never knowing what's truly possible. They invest in incremental improvements because
they lack the context to justify transformational investments. They miss opportunities to leverage building
triggers for holistic renovations. They operate central energy facilities without understanding optimal
generation, storage, and distribution strategies.

With integration, universities gain a new operating paradigm: building science expertise sits at the data
science table, providing context and expertise that transform operational data from descriptive (what is) to
performative (what could be). This enables confident investment in building performance, defended by
physics-based evidence and validated by continuous operational verification.
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