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APPLICATIONS

OF ENERGY
MODELS!FOR
BUILDINGS

BEM involves integrating various parameters, such as
building geometry, thermal properties, HVAC systems,
occupant behavior, and climate data, to simulate energy
use and environmental conditions. It is used in the early
stages of building design to explore various design
alternatives and their impacts on energy performance.
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INTRODUCTION

Crucial tool for designing, analyzing, and
optimizing building performance.

Uses computer simulations to predict energy
consumption, indoor environmental quality, and
overall performance.

Incorporates parameters like building geometry,
thermal properties, HVAC systems, occupant
behavior, and climate data.

Used in early stages of building design to explore
design alternatives and their impacts on energy
performance.

Demonstrates compliance with ASHRAE standards
during the design phase and in green building
certification programs like LEED.

Valuable for retrofitting existing buildings to
Improve energy efficiency.

Helps identify discrepancies between expected and
actual energy use.

Expanding role as building technologies and
energy policies evolve.



UNDERSTANDING BUILDING ENERGY
MODELING (BEM)

BEM is a process that uses software to create a virtual
representation of a building's energy systems.

Its primary purposes include:

- Energy Consumption Forecasting: Predicting energy
needs to inform design decisions.

- Optimization: Identifying opportunities for energy
savings through design modifications or system
upgrades.

- Compliance: Ensuring adherence to building codes and
standards set by organizations like ASHRAE.

- Performance Evaluation: Assessing the actual energy
performance of buildings post-occupancy against
modeled predictions.




KEY COMPONENTS OF BEMT

e Building Geometry: The dimensions and
orientation of the building, which significantly
affect solar gain and energy use.

Thermal Properties: The characteristics of building
materials, such as insulation values (R-values),
thermal mass, and glazing types, influence heat
transfer and energy efficiency.

HVAC Systems: The design and efficiency of
heating, ventilation, and air conditioning systems
play a critical role in energy consumption.
Occupant Behavior: Patterns of occupancy,
lighting use, and equipment operation are
essential for accurate modeling.

Climate Data: Local weather data, including
temperature, humidity, wind speed, and solar
radiation, are crucial for simulating energy
performance accurately.



APPLICATIONS OF BUILDING
ENERGY MODELING

e Design Optimization: BEM is instrumental in the
early stages of building design, allowing architects
and engineers to explore various design
alternatives and their impacts on energy
performance.

e Code Compliance and Certification: BEM is used to
demonstrate compliance with ASHRAE standards
and green building certification programs like LEED.

e Retrofitting Existing Buildings: Energy modeling is
valuable for retrofitting existing buildings to
Improve energy efficiency.

e Post-Occupancy Evaluation: Energy modeling can
be employed to assess a building's actual
performance against the predicted models.




ADVANCED APPLICATIONS OF BUILDING
ENERGY MODELING

Urban-Scale Energy Analysis

e BEM is used to assess energy consumption patterns
across entire districts or cities.

e This holistic approach helps identify systemic
inefficiencies and opportunities for energy
conservation.

e BEM can be used to model energy consumption
across various building types, transportation
networks, and public infrastructures.

e BEM aids in the simulation of energy flows between
buildings and the grid.

e This allows for the design of systems that respond
to grid demands in real time.



ADVANCED APPLICATIONS OF
BUILDING ENERGY MODELING + s M

Dynamic Occupant Behavior Modeling

e BEM incorporates real-time data on occupant
preferences, activities, and interactions with
building systems.

e This modeling approach is akin to a thermostat that
learns and adapts to the preferences of its users.

Deep Energy Retrofits

e BEM facilitates the identification of the most
effective retrofit strategies by simulating various
Interventions.



ADVANCED APPLICATIONS OF BUILDING
ENERGY MODELING +

High-Performance Building Design Optimization

e BEM plays a crucial role in designing high-
performance buildings that meet stringent energy
standards.

e Example: A new residential development aiming
for zero-energy status can evaluate the impact of
different passive solar design strategies.

y “+Real-Time Monitoring and Control Integration

e Real-time monitoring and control integration
involves the continuous assessment of building
performance using BEM.

e Example: A university campus can implement
BEM-integrated sensors to monitor energy
consumption in real time.




ADVANCED APPLICATIONS OF BUILDING

ENERGY MODELING +
Life-Cycle Cost Analysis

e BEM supports Life-cycle cost analysis (LCCA) by
providing detailed energy consumption forecasts.
e Example: The installation of energy-efficient lighting can

demonstrate not only the upfront costs b
potential savings in energy bills over the |
lifespan.

ut also the

ighting's

Predictive Maintenance Using Digital Twin Technology
e Digital twin technology creates a virtual replica of
physical building systems, allowing for predictive

maintenance strategies enabled by BEM.

e Example: A digital twin of the HVAC system can be used
to monitor performance metrics in a large hospital.
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