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NHOLE BUILDING ENERGY SIMULATIO}

Whole-Building Energy Modeling (BEM) is a versatile,
multipurpose tool that is used in new building and retrofit
design, code compliance, green certification, qualification
for tax credits and utility incentives, and real-time building &

ntrol. BEM is also used in large-scale analyses to develop

g energy-efficiency codes and inform policy

decisions. So what exactly is BEM? And what roles does the
U.S. Department of Energy {DOE) play in the BEM industry
and community?

BEM is physics-based software simulation of building energ)
use. A BEM program takes as input a description of a

ilding including geometry, construction materials, and
lighting, HVAC, refrigeration, water heating, and renewable
generation system configurations, component efficiencies,
and control strategies.

What is Whole Building Energy
Simulation

Determination of Buildings
Thermal Character s

i

Understanding the building load
srofile.

Heating and cooling plant sizes
can be calculated using design
~veather data.

Sensitivity Analysis- Impact of
parameter variations )

Nhole building energy simulation measures expected energy use
(fuel and electricity) based on the building’'s geometry, climate,
building type, envelope properties, and active systems {HVAC & gr'
ighting). It takes into account the interdependencies of the r
uilding as a whole system, so it is a particularly useful way to

keep score” as you work to reduce building energy use.

WHOLE BUILDING ENERGY SIMULATION +

It also takes descriptions of the building’s use and
operation including schedules for occupancy, lighting, plug-
loads, and thermostat settings. A BEM program combines
these inputs with information about local weather and uses &
physics equations to calculate thermal loads, system )
response to those loads, and resulting energy use, along
with related metrics like occupant comfort and energy costs.
BEM programs perform a full year of calculations on an
ourly or shorter basis. They also account for system
interactions like the ones between lighting and heating/
ooling.




{OW BUILDING ENERGY SIMULATION IS USEL

BEM applications leverage its ability to answer questions
hat cannot be easily answered by other means. Major use

ases include the following:

Architectural Design: Architects use BEM to design energy
fficient buildings, specifically to inform quan a e
trade-offs between up-front construction costs and
operational energy costs. In many cases, BEM can reduce
both energy costs and up-front construction costs.

HVAC Design and Operation: Commercial building HVAC
stems can be large and complex. BEM helps mechanical
ngineers design HVAC systems that meet building thermal

loads efficiently. It also helps designh and test control

trategies for these systems,
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Building Performance Rating: BEM can be used to assess

herent performance of a building while controlling for
specific use and operation. Inherent performance rating is
the basis for processes like code compliance, green
certification, and financial incentives.

g Stock
Analysis: BEM analysis
on prototype models
supports the
development of energy
codes and standards and
helps organizations like
utilities and local
governments plan large
scale energy-efficiency
programs.
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DOE’'S GOALS AND ROLES

DOE has supported research, development, and deployment
>f BEM—and has itself been an active user of BEM—since the
1970s. Through the Building Techhologies Office (BTO), DOE
develops two significant BEM software packages.

ergyPlus™ is a state-of-the-art BEM engine capable of
modeling low-energy designs and HVAC systems, in addition

o more conventional buil

OpenStudio™ is a software development kit (SDK) that
reduces the effort of EnergyPlus-based application
ievelopment. It also includes a graphical application that
demonstrates use of the SDK. OpenStudio has been
instrumental in accelerating the adoption of EnergyPlus

BTO distributes EnergyPlus and OpenStudio under a commercial-
friendly non-exclusive open-source license. BTO encourages
companies to embed the software into applications and services,
d features and content, provide commercial training and support
nd generally focus on addressing the specific needs of a diverse

set of BEM user communities.
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DOE’'S GOALS AND ROLES +

BTO is committed to supporting EnergyPlus and OpenStudio long-

term to provide cert ty to commercial vendors and their clients.
The transparency and impartiality conferred by open-source and by
EnergyPlus’ comprehensive documentation is also important for some
use cases, especially ones supporting codes and standards.
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(E Ramance software requirements, and

validate selected BEM calculations
at a finer granularity. Testing and

increase BEM stakeholder
confidence.
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SIMULATION ARCHITECTURE

Weather Data Calculation Engine Results/Patterns
1. Conductive, convective and -
raciatva hoat ranstor calculation
Hoat and Mass transfor Calculaton
Therma inerta Caicuiation
. Equipment Sizing Algorithms
Building Geometry, surface and
Shading Algorithms

Building Envelop




SIMULATION PARAMETERS

Drawing of HVAC System
Drawing of Central Plant
Drawing of water heating Front azimuth angle Architectural !

Site Elevation

System Material of detail drawings Wall constants
Roof ,Ceiling, and partitions Glazing

No. of floors

Floor to floor height
Plenum

Sizes of windows and sky
lights Discount rate for project life cycle

Window Choice
Bay Width
Sill height

LPD Praject Life cycle
EPD Electricity rates
Occupancy Type Era built

Zone type for each block

a Holidays set for year
Daylight control

# &
N5 spascs >
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