
- 215 -  

 
 

2
nd
 International Conference on Energy Systems and Technologies 

18 – 21 Feb. 2013, Cairo, Egypt 

 

 

 

 

EVALUATION OF SELF-LEARNING METHODS FOR 

PREDICTING ENERGY CONSUMPTION 

 

S. Vadera
1
, J. Wu

1
, U. Donath

2
, A. Gomez

3
, F. Meziane

1
  

and N. Redondo
3
 

 

1)
 University of Salford, UK 

2)
 Fraunhofer, Dresden, Germany 
3)
 CEMOSA, Malaga, Spain 

E-mail = S.Vadera@salford.ac.uk 
 

 

 

Abstract 

 

Most countries have set ambitious targets for reducing energy consumption and CO2 

emissions; so far example, the European Parliament have set the objective of reducing energy 

consumption by 20% by 2020.  Meeting this target  requires a range of policies, one of which 

aims at reducing energy consumption  of buildings of various types, including  residential, 

public and commercial buildings. Depending on the country, commercial buildings can 

represent around a third of the energy consumed by residential properties. For example, in 

Europe  by Itard et al. (2008) reports that residential properties consume about 30% of overall 

energy while non-residential buildings consume around 11% of overall energy consumption. 

Hence, optimising energy consumption in buildings could contribute significantly towards the 

energy reduction targets, but how can this be done? 

One direction of efforts is to optimise the heating, cooling and air conditioning of the 

rooms in a building. The advent of new wireless sensor technology now makes it possible to 

collect data about the thermal conditions, occupancy  and energy demands of rooms more 

readily, and hence provides the potential for more fine tuned control that could lead to 

significant energy savings. This approach, being taken in an EU funded FP7 project called 

SEEDS (Self learning Energy Efficient builDings and open Spaces), aims to use methods 

from Artificial  Intelligence, such as neural networks, decision tree learning, and Bayesian 

networks to predict the behaviour of a building and then use methods such as genetic 

algorithms, ant colony optimisation to optimise energy consumption while maintaining user 

comfort.  Given a range of available AI methods, a key question is:  

which self-learning methods are most suitable for predicting variables such as room 

temperature and energy consumption?  

 

        This paper aims to provide an empirical of evaluation of some self-learning methods to 
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address this question. It first summarises the results of a comprehensive survey of self-

learning methods, highlighting some key past studies that aim to utilise AI methods for 

predicting energy consumption, covering a number of attempts at using neural networks of 

different types, fuzzy logic, and rule based methods. An evaluation of three different methods, 

neural networks, Bayesian networks and decision tree induction, is then presented. The 

evaluation is based on three different scenarios, starting with a trial example and proceeding 

to a more complex realistic example:  

• A single room in a building with a chiller  and a fan with 4 speeds with data from a 

simulation providing temperature, loads and energy consumption every 10 minutes for one 

day 

• An office building based in Madrid with 6 thermal zones simulated with Energy Plus and 

providing  data for a full year on an hourly basis.  

• A building with 10 rooms of varying types, including office space, a helicopter garage , 

kitchen, dining area, and a gymnasium.  The building was simulated using the Modelica 

system  and provided temperature and energy consumption data for every hour for a 60 day 

period. 

 

       These data were used to assess the merits of Bayesian networks, neural networks and 

decision tree learning methods using he Weka data mining environment.  The experimental 

methodology involved carrying out 25 trials of randomly selected samples with 75% of the 

data for training and 25% for comparing predictions with actual values. The main outcomes 

of the study  to note are:  

       1. Neural networks provide the best results, though did require careful tuning, with a 

learning rate of 0.2, momentum of 0.25,  and a single hidden layer model with seven nodes 

performing best. 

       2. Decision tree learning and Bayesian networks require output temperature to be 

discretized , potentially reducing the precision.  Results for different equal distance 

discretisation, from 5 to 10 bins  are reported and show the range in which the best results are 

obtained.  In comparison to neural networks, these methods are more comprehensible by 

users, though this may be at the cost of compromising some precision.  

       3. There are different types of Bayesian networks that could be learned, and the study 

presents results from several different methods. A method known as Naive Bayes performed 

poorly, suggesting the independence  assumptions it makes are not valid for our application. 

Results from a method that learns Tree Augmented Bayesian network (TAN-Bayes and TAN-

BDeu) were much better and comparable to those produced by decision tree learning.   These 

networks could be used when data are missing and when there are uncertainties, so do offer 

advantages for some applications in energy prediction applications over neural networks and 

decision tree learning.  

 

In conclusion, the study provides results comparing the use of different AI learning methods 

for predicting room temperature which may useful for others considering adoption of these 

methods in their building energy management systems.  
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