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Projecting Changes in Aggregate 

Building Energy Demand
Challenge: Researchers from a variety of communities are interested in 
understanding and projecting changes in building energy demand due to 
weather, climate, population, technology, and socioeconomic changes.

Tool: tbb[Ωǎ Building ENergy Demand (BEND) model simulates weather-
dependent hourly building energy demand in order to provide a scale-flexible
and physically-basedcharacterization of regional building energy demand.

BEND simulated 
residential building 
load on 1-Jan 2010 

at 00:00 LT



Building Modeling using the 

EnergyPlus Simulation Engine

+
E+ Parameters 

HVAC type, wall type, 
roof type, insulation, 

windows, internal load, 
schedule, etc.

Hourly energy 
demand for 1 yearWeather data

Tool: The EnergyPlus (E+) model evaluates energy demand for individual 
buildings using numerical simulations.

EnergyPlus is an open source model and can be downloaded from https://energyplus.net/



Novelty:Rather than simulating a single building in a single location and then 
extrapolating the results, simulate a (very) large representative sample of 
residential and commercial buildings over a distributed area.

PNNLôs Building ENergy 

Demand (BEND) Model

Building Load = Sum 

+

+

+

+
N = 1:10,000



Building a Population of 

Individual Building Models
We use the CBECS and RECS building surveys to construct a representative 

population of building models in the Western U.S.

Bulk Characteristics
Size [N = 6]

Vintage [N = 7]
Type [N = 16]

Location [N = 15]
+

Each building is 
given a weight that 
reflects how many 
other buildings it 

represents

Group

E+ Parameters
HVAC type
Wall type
Roof type
Insulation
Windows
Schedule

Etc.

Infer



Building a Population of 

Individual Building Models
Type [N = 16], Size [N = 6], Vintage [N = 7], Location [N = 15]

There are 15unique combinations of regional groupings in the building surveys. These 15
regions are the base spatial scale for the representative building population in BEND.
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Building a Population of 

Individual Building Models
Type [N = 16], Size [N = 6], Vintage [N = 7], Location [N = 15]

There are 15unique combinations of regional groupings in the building surveys. These 15
regions are the base spatial scale for the representative building population in BEND.

There are only 5 BEND 
regions in the 

Western Electricity 
Coordinating Council 
(WECC), which is the 

domain we focus on in 
the remainder of this 

talk.


