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Abstract—This paper proposes a data-driven modeling 
method for building energy consumption prediction and 
applies it to two actual commercial buildings. Time series 
analysis is adopted as a main methodology to produce the 
data-driven model based on monthly actual energy 
consumption data. The models can be used to predict building 
future energy consumption, after being modified and verified.  

Keywords—Time Series; Combined Model; Energy 
Consumption Prediction 

I. INTRODUCTION 

In recent years, a large number of approaches for 
building energy prediction have been proposed and 
implemented in the process of building design, operation or 
retrofit from building’s sub-system analysis[1-5]. Most 
data-driven models in heating, ventilation and air-
conditioning (HVAC) field adopt either MLR (Multiple 
Linear Regression) analysis method or ANN (Artificial 
Neural Network) analysis method[6] - [12] [14]. Due to the 
strong inertia of building and HVAC systems, the building 
energy consumptions are related to the energy consumption 
during previous period with a random fluctuation . 
Therefore, time series analysis method can be used as an 
effective and accurate method to predict building energy 
consumption. However, This method was rarely studied.  

This paper introduces an application of time series 
analysis method on the analysis and prediction of energy 
consumption of commercial buildings, so as to provide 
information for building energy conservation and 
management.  

II. PREDICTION MODEL OF BUILDING ENERGY 

CONSUMPTION BASED ON TIME SERIES ANALYSIS 

Based on the statistical research on the time series data 
of each variable, this paper proposes an energy 
consumption prediction method applied to commercial 
buildings, by adopting time series analysis method 
combined with regression method. By using the historical 
monthly energy consumption data of the previous three 

years, the annual building energy consumption of the fourth 
year can be predicted with proposed method. Building 
energy consumption prediction model can be established in 
four steps:  

A. Original Sequence and Seasonal Adjustment. 

First, set up a building energy consumption sequence 
{X }. Because some objective laws of the sequence can be 
covered by the seasonal fluctuation of monthly data, 
perform seasonal adjustment to the original sequence is 
necessary by adopting CensusX12 method addition model. 
By employing the software of Eviews, the original 
sequence {X } is decomposed into three parts, i.e. Trend 
Sequence ( TC ), Seasonal Factor ( S ) and Irregular 
Factor(I ), which is a complicated iterative procedure: 

  (1) 
Then Trend Sequence ( TC ) can be obtained by 

rearranging Equation (1): 
  (2) 
Denominate the sum of Seasonal Factor ( S ) and 

Irregular Factor(I ) as SI : 
 S S  (3) 
Combine Equation (1）and Equation (3) to get: 

  (4) 

B.  Pre-process, Model establishment and Trend 
Sequence( ) Prediction 

Before establishing model, the Trend Sequence (TC ) 
should be conducted with stationary test. Then various 
methods are adopted to build a time-series model according 
to the test results, i.e. establishing time-series model 
directly if they are stationary; adopting combined model 
method if they are non-stationary. The Pure Randomness 
Test is also required before modeling by adopting Q 
Statistic Test method. The time-series model can be 
established only for the sequence which passes two 
mentioned tests after the process of model identification, 
order determination, parameter estimation and adaptability 
test.   



The Non-stationary TCt  Sequence consists of a trend 
part and a random part. The combined model is established 
in three steps：  

1) Fit the trend part into a function according to 
sequence characteristics, see Equation (5), and make 
Residual Sequence Yt  stationary;  

2) Establish the optimal time-series model of Yt  Sequence, which passes Stationary Test and Pure 
Randomness Test, and predict the future value of Yt  Sequence with the result model [15];  

3) Combine the established models of trend part and 
Residual Sequence Yt  to obtain the final combined model 
of TCt Sequence and predict the future value, see Equation 
(6)：    
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C. Physical Regression and Prediction of  Sequence 

By analyzing and predicting building energy 
consumption (i.e. electricity, oil and gas), Time-series 
model can be simplified and the energy management and 
energy conservation measures can be implemented more 
conveniently. Four impact factors are taken into account, i.e. 
Monthly Accumulated Temperature Value ( TEMPt ), 
Monthly Average Relative Humidity ( RHt ), Monthly 
Workdays ( WDt ), and Monthly Non-workdays ( NWDt ). 
The monthly rental rate of commercial building involves 
commercial secrets, the precise value of which is difficult 
to be acquired. Therefore, this paper just studied the energy 
consumption prediction method for buildings with basically 
constant occupancy rates. The method proposed in this 
paper has limitations for the buildings with variable 
occupancy rates [16].  

It is more practical and cost-effective to study the 
seasonal factors and irregular factors by using fitting 
method and expressing SIt Sequence as a regression 
function, see Equation (7). Then it can be used to predict 
electricity consumption [16]: 
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Since the latent heat load accounts for a very small 
proportion of the entire load during winter, RHt will not be 
included as an input in the prediction model for building 
gas or oil consumption as below 
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Software Eviews was selected to fit SIt  sequence to 

establish a physical regression model, and predict the future 
value of SIt  for 2010 by inputting the predictive values of 
these four independent variables.   

The accumulated temperature of a certain month of 
each year fluctuates little, which is related to the values of 
that month of previous years. For the prediction of TEMPt , 
different weights are taken for the terms of previous three 
years as below:  

2010, 1 2009, 2 2008, 3 2007,i i i iTEMP b TEMP b TEMP b TEMP= + +   

（ i =1，2，…，12）     (9) 

1b , 2b , 3b are the weight factors for the terms of 2009, 
2008, 2007 respectively, and 11 2 3b b b+ + = . The closer of 
the year, the more influence on the values of predictive 
accumulated temperature. After comparing the accuracy of 
prediction under 20 groups with different weight factors, 
the group of 0.51b = , 0.352b = , 0.153b =  is chosen. So 
TEMPt  can be calculated based on the following equation: 

2010, 2009, 2008, 2007,0.5 0.35 0.15i i i iTEMP TEMP TEMP TEMP= + +       

（ i =1，2，…，12）  (10) 
Meanwhile, the prediction of Monthly Average 

Relative Humidity can be conducted in the same way as the 
accumulative temperature. 

2010 , 2009, 2008, 2007 ,0.5 0.35 0.15i i i iRH RH RH RH= + +                      

（ i =1，2，…，12）(11) 
The future value of WDt  and NWDt  can be calculated 

according to Chinese calendar. Thus, the SIt  sequence can 
be predicted from the equation below： 
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D. Modification for Heating Energy Consumption 

In the last step, the predicted values of monthly gas 
consumption and monthly oil consumption should be 
adjusted, because the prediction for the months without 
heating demand may be unequal to zero or even negative. 
The adjustment is done by two steps: 1. Adjusting the 
negative values as zero；2.Adjusting the values of the 
months as zero, when neither gas nor oil is consumed (e.g. 
from April to October) according to the actual historical 
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Figure 2. Prediction vs. actual value of electricity consumption of office 

building A  

The predicted results are shown in Figure 2.  Figure 2 
shows that the predicted values generally follow the actual 
values. The annual electricity consumption error is -
6.326%. 
• Building Gas Consumption Prediction  

The gas consumption prediction model is obtained by 
adopting the same method as electricity consumption 
prediction model, except the second step of model 
establishment. The stationary test results show that 

_Gas TCt  Sequence is stable. Therefore, the time series 
model is established for prediction directly.  

By comparing the gas consumption data of the previous 
three years, the negative values should be modified to 0. 
The modified values of gas consumption prediction for 
Office Building A are shown in Figure 3. Figure 3 shows 
that the predictive values follow the actual values well and 
the annual gas consumption error is -1.753%. 

 

Figure 3. Prediction vs. actual value of gas consumption of  

office building A 

B. Case 2— Commercial Building B in Shanghai 

The total floor area of the building is 67000m2, 91% of 
which is air conditioning area. The monthly electricity 
consumption data from  2007 to 2009 (36 data points in 
total) are collected to predict the energy consumption of 
2010.  
• Building Electricity Consumption Prediction 

The electricity consumption prediction model is 
established with the same method as for Office Building A. 
As shown in Figure 4, a good fitting is indicated in the 
predicted results. The annual electricity consumption error 
is 1.0221%. 

 

Figure 4. Prediction vs. actual value of electricity consumption of 
commercial building B 

• Building Oil Consumption Prediction  
The oil consumption prediction model is established 

with the same method as gas prediction of Office Building 
A. Figure 10 shows the predicted results. The data of oil 
consumption for non-heating seasons (May to October) 
should be modified to 0, shown in Figure 5. The modified 
predicted values follow the actual values well, and the 
annual oil consumption error is 5.885%. 

 

Figure 5. Prediction vs. actual value of oil consumption of commercial 
building B 

IV. CONCLUSION 

Based on the historical data and the physical principles, 
this study adopts a time series method on commercial 
building energy consumption analysis and predictions, 
presents a modeling method for building energy 
consumption prediction, and applies the method to different 
commercial buildings. After establishing, verifying, 
analyzing and evaluating the prediction models for building 
energy consumption, the following conclusions can be 
drawn:  



• The time series analysis is an effective and accurate 
method for building energy consumption prediction. Due to 
the inertia of building system, the energy consumptions of 
current period are related to the previous period with some 
certain random changes  
• According to the physical principles, the physical 
regression model is more practical. In this study, four main 
impact factors are introduced into the building energy 
consumption models, i.e. Monthly Accumulated 
Temperature Value, Monthly Average Relative Humidity, 
Monthly Workdays, and Monthly Non-workdays . 
• This paper verified the feasibility of the building 
energy consumption prediction method based on time 
series and applied the method to two real cases. The 
results demonstrate the accuracy of the method. 
• The building with variable occupancy rates is beyond 
the scope of this research, the prediction method 
presented in this paper can only be applied to 
commercial buildings with nearly constant occupancy 
rates. Meanwhile, the method is used to predict the total 
annual energy consumption of the building, not the 
energy consumption breakdown. 
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