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Abstract 
Energy management systems pr ovide an opportunity to collect v ast amounts o f building-related 
data. The dat a contain abundant knowledge about the interactions between a bu ilding’s energy 
consumption and the influencing factors . It is hi ghly desirable that the hidden kno wledge can be 
extracted from the data in order to help improve building energy performance. However, the data 
are rarely translated into useful  knowledge due to  their c omplexity and a l ack of effective data 
analysis techniques. This paper first conducts a comprehensive review of the commonly used data 
analysis methods applied to building-related da ta. Both the strengths and weaknesses of each 
method are discussed. Then, the  critical analysis of the previous  solutions to three fundamental 
problems of building energy performance improvement that remain significant barriers is performed. 
Considering the limitations of those commonly used data analysis methods, data mining techniques 
are proposed as a primary tool to analyze building-related data. Moreover, a data analysis process 
and a data mining framework are proposed that enable building-related data to be analyzed more 
efficiently. The process refers to a series of sequential steps in analyzing data. The framework includes 
different data mining techniques and algorithms,  from which a set of eff icient data analysis 
methodologies can be develo ped. The applications of the process and framework to two sets of 
collected data demonstrate their applicability and abilities to extract useful knowledge. Particularly, 
four data analysis methodologies were developed to solve the three problems. For demonstration 
purposes, these methodologies were applied to  the co llected data. These meth odologies are 
introduced in the published papers and are summarized in this paper. More extensive investigations 
will be performed in order to further evaluate the effectiveness of the framework. 
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1 Introduction 

The energy consumption in the building sector is of mounting 
concern. With rising living standards, building energy 
consumption has significantly increased over the  past few 
decades. The current high l evel of consumption and the 
steady increase in demand for energy necessitate a thorough 
understanding of the major  influencing factors in orde r  
to develop effective approaches to reducing building   
energy consumption. Factors influencing building energy 
consumption can be divided into seven categories (Yu et al.  
2011a), as shown in Table 1. 

These seven fa ctors play an essential role in reducin g 

building energy consumption and efforts should be made to 
clearly understand their influences. However, there still are 
significant barriers that prev ent researchers and architects  
from completely understanding these factors. For example,  
researchers and architects often observe a large discrepancy 
between the designed/simulated and th e actual building 
energy consumption. The reasons for this discre pancy are 
not well unde rstood and of ten have more to do  with 
occupant behavior than building design. Three fundamental 
problems of building ener gy performance improvement 
that remain significant barriers are as follows: 
(1) Building energy demand models are d eveloped mainly 

for the purposes of the prediction of the total building  
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