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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Household electricity consumption influenced by various behavioural intervention strategies is difficult to predict due to the 
uncertainty arises from involved human behaviours. Based on an energy conservation experiment conducted in Hangzhou, China, 
this paper firstly proposes a variable selection approach to determine the best subset of consumption predictors using Akaike 
Information Criterion (AIC). 18 of the 48 initial variables have been considered as the critical predictors including energy 
behaviours, personality trait, demographic/building features, weather indicators and the last month consumption in this research. 
Moreover, this research also introduces the interaction effect between the energy behaviour predictors and other variables to the 
prediction model. The study has developed an energy behaviour based Support Vector Regression (SVR) model that is capable of 
predicting household electricity consumption under multiple intervention strategies. In particular, Gaussian radial basis function 
(RBF) is applied as the kernel function of SVR model. The result shows that the proposed model has the best and robust 
performance on the next month prediction and time-series forecasting. 
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1. Introduction 

As existing studies failed to consider and quantify the impact of occupant behaviour changes in residential sector, 
the performance of behaivoural interventions may not be assessed and predicted accurately [1]. In addition, prior 
research on the linkage between personal characteristics (such as demographic factors etc.) and the intervention 
effects rarely explained the underlying logic of why uniform intervention may have different impacts on occupants, 
which personality traits actually lead to observed differences [2,3]. That is, personality being an important 
motivation of our attitudes, values, and beliefs, may be a significant predictor of the energy behaviour and energy 
consumption [4]. Moreover, energy related behaviours are not easily to be measured as they are influenced by a 
wide range of factors which interacts one another. Besides, there is a growing need to identify key energy 
behaviours for predicting the household energy consumption under different intervention strategies. With this in 
mind, this paper starts with the following questions: Can we use household energy related behaviours and their 
personality traits to predict their energy consumption? How to measure the interaction effect between behaviours 
and other personal characteristics on consumption prediction? 

Based on an experiment conduct to infer the effects of eco-feedback via different delivered methods on 
household monthly electricity consumption in Hangzhou, China, this paper has proposed an optimal SVR model for 
predicting household consumption under multiple intervention strategies. The improved model is designed to 
incorporate energy related behaviours, personality traits, demographic/building features and the weather data, into 
behavioural interventions to predict electricity consumption for the households. In particular, the interaction effect 
between behaviours and other variables has been introduced to the household electricity consumption prediction. 

2. Data collection and processing 

The data was collected from an electricity conservation experiment conducted in 5 different residential 
complexes in Jiang Gan district Hangzhou, a capital of Zhejiang Province in east China. The tailored information 
with eco-feedback was adopted as the main intervention strategy in this study. Various types of delivery, such as 
through paper, mobile application and face-to-face interactions, were also tested in the experiment. These elements 
were integrated in the design process and come up with five treatment groups and one control group. More 
specifically, treatment group 1 and group 2 both received paper energy saving tips such as leaflet/sticker, while only 
group 1 received monthly feedback in paper format. Treatment group 3 and 4 received online energy savings tips 
through WeChat which is a leading social platform in China, whereas only group 3 received online feedback 
through WeChat on a monthly basis. Treatment group 5 not only received the paper stickers and feedback forms, but 
also were provided with monthly face-to-face consultation. The control group 6 did not receive any interventions or 
feedback. All interventions were carried out from April to June 2016. The questionnaires consisting energy 
behaviours, big five personality traits, demographic profile and building features, were given to all of the 
participants from February to June 2016 (see Table 1). In this study, 240 households were initially targeted at 40 
samples per group. But there were 235 households participating remaining in the end of the experiment. In addition, 
due to missing the survey data, there were 179 households remained as eligible for further analysis. Note that we 
impute some of the missing or ambiguous values in the survey according to the data trend and conventional rules for 
handling missing values. Monthly electricity consumption data in kWh of the subjects during the year of 2015 and 
2016 were collected from the Department of Energy of Zhejiang University, or through the electricity bill sent by 
the residents from February to August 2016. Eventually, the electricity consumption data collected from 166 
households during February to June of 2016 were qualified for building the prediction model. As there is a likely 
influence on electricity consumption due to varying weather conditions, the daily forecasted weather information 
from the year of 2015 to July 2016 is retrieved from Hangzhou Meteorological Bureau. For this research, the 
Heating Degree Days (HDD) and Cooling Degree Days (CDD) calculations were made on a monthly basis. 

Table 1. Description of the questionnaires in Hangzhou experiment. 

Survey Name Numbers 
of Items 

Information Collected Collection Period Frequency 
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