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INTRODUCTION
Building energy simulation has the potential to guide building design by providing
a means to quantify and evaluate the energy efficiency of design alternatives. An
accurate model requires users to provide a detailed description of a building’s
geometry and construction, its associated mechanical systems and the
quantification of various internal loads. However, detailed information on building
materials, components and systems specification needed for energy simulation are
often not available in reality. As a result, the modeler is often forced to set
unknown parameters to default values and best guesses. Furthermore, the
complexity of building systems often make it necessary to introduce simplifications
into the simulation model. These simplifications add to the uncertainties in the
simulation outcome.

Fig. 3 The uncertainty analysis framework

The methodology implemented follows
a similar procedure except all the
uncertain model parameters are
assigned a Probability Distribution
Function (PDF). The parameters are
further segregated based on the
availability of measured data. Samples
are then generated from the PDFs.
Dynamic energy simulations are then
performed using Modelica and output is
analysed to assess the range of
variations.

RESULTS
Fig. 4 Workflow to assign PDFs in the framework.
Fig. 1 Process diagram of building energy modelling.

The specified procedure is implemented
to obtain PDFs of the uncertain inputs to
the grey-box model of Tierney building
at UCD. For instance, the outside
temperature, which is an input to the
model, follows a Weibull probability
distribution (Fig. 5). The PDFs associated
with the rest of the inputs can be
identified in the same manner.

Some of the parameters that are uncertain include infiltration rates, fan and
cooling/heating efficiencies, window or wall properties. These models also include
stochastic processes such as schedules of occupants, lights and equipment, and
ambient conditions such as temperature, humidity, solar radiation, which could all
have significant effect on energy consumption. Hence, there is a need of a
uncertainty framework to identify and quantify the existing uncertainties in any
energy model.

Fig. 5 PDF of the outside temperature.

Variations in energy predictions due to uncertainty in outside temperature

120

Energy Consumption (kWh)

Variation in energy
predictions occur due to
underlying uncertainties
in weather (Fig. 6).
Similarly, the variations
in energy predictions can
be quantified for other
uncertain parameters.
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Fig. 6 Variations in energy predictions due to uncertainties in
outside temperature.

Fig. 2 Different kinds of uncertainties associated with an energy model.

Objectives
•
•

Develop a framework to identify and quantify the uncertainties in reduced
order grey-box networks.
Assess the propagation of uncertainties in the output along other energy
vectors.

METHODOLOGY
Uncertainty analysis in building energy usually involves the use of Monte Carlo
simulation techniques. This process quantifies the uncertainties in the model’s
inputs, using information from literature, subjective assessment or expert
judgement. Uncertainties in the simulation outcome are then quantified using
Monte Carlo Analysis.

CONCLUSIONS
As building energy modelling becomes more sophisticated, the amount of user input
and the number of parameters used to define the models continue to grow. The
devised uncertainty analysis framework would enhance the credibility of energy
predictions obtained using any building energy modelling tool. Preliminary results
signify the importance of uncertainty identification and propagation within a system
and thus, an integrated approach to uncertainty quantification is necessary to
maintain the relevance of developed models.
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