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Introduction



Background

• Originally intended for use during the design phase, building 
energy models (BEM) are increasingly used throughout a 
building’s life-cycle

• Support an energy auditor’s recommendation for cost 
effective energy conservation measures (ECMs)

• Measurement & Verification (M&V)
• Coupling simulation with the building’s control system 

and through continuous calibration, use the model to find 
an optimal control and response strategy



Background

• To ensure its reliability, model calibration has been 
recognized as an integral component to the overall analysis

• Bridge the gap between predicted and actual performance 
through measurements



Method



Overview



Model Evaluation

• CVRMSE (30%) and NMBE (10%) satisfies thresholds 
for hourly calibration data set by ASHRAE Guideline 14 
(2002)

• Evaluate performance on a hold-out test dataset that 
was not used for the calibration 

• Hourly time series plot comparing measured and 
simulated results



Case Study



Building Description

• 9th floor of an office building located in Japan
• Each zone (except core) installed with sensors that measure zone 

temperature, lighting power as well as plug and process power
• Data collection: 24th Jul 2015 to 24th Feb 2016 (1-min)
• Test data: Aug 2015 (summer), Nov 2015 (autumn) and Feb 2016 (winter)



Model Inputs

• Lighting Power
• 4 distinct trends
• 24 hour schedule for weekdays, Saturday, 

Sunday and Holidays



Model Inputs

• Equipment Power
• More distinct separation between weekdays
• 24 hour schedule for Monday to Sunday and 

Holidays



Model Inputs 

 



Results

Component CVRMSE (%) NMBE (%)
Lighting Energy Consumption 14.01 1.47

Equipment Energy Consumption 10.68 -0.005
AHU Energy Consumption 11.48 -2.35
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