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Abstract

Nowadays, electricity plays a vital role in national economic and social development. Accurate load forecasting can help power
companies to secure electricity supply and scheduling and reduce wastes since electricity is difficult to store. In this paper, we
propose a novel Deep Neural Network architecture for short term load forecasting. We integrate multiple types of input features
by using appropriate neural network components to process each of them. We use Convolutional Neural Network components
to extract rich features from historical load sequence and use Recurrent Components to model the implicit dynamics. In
addition, we use Dense layers to transform other types of features. Experimental results on a large data set containing hourly
loads of a North China city show the superiority of our method. Moreover, the proposed method is quite flexible and can be
applied to other time series prediction tasks.
c© 2017 The Authors. Published by Elsevier B.V.
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1. Introduction

At present, electricity plays an important role in economic and social development electricity plays an increas-
ingly important role in economic development, industrial production and everyday lives of ordinary people. One
of the major characteristics of electricity is that it is difficult to store once it has been produced. Moreover, short
term power load demand varies greatly and is subject to a number of factors. Therefore, accurate load forecast-
ing is critical for power companies, so as to reduce electricity waste, improve revenue and maintain the stable
operation of the power grid system.

A wide variety of approaches have been proposed to study load forecasting. Mbamalu and El-Hawary [1]
considered load forecasting as an autoregressive process and used iteratively re-weighted least-squares (IRWLS)
procedures to estimate model parameters. And Haida and Muto [2] also presented a regression based method with
a transformation technique to predict daily peak load. Stochastic time series models have also been employed,
since the list of power load data is actually a time series. Chen et al. [3] developed an adaptive autoregressive
moving-average (ARMA) model to conduct 24-hours- and one-week-ahead load forecasts. While Juberias [4]
used the Autoregressive Integrated Moving-Average (ARIMA) model to build a practical system for real time
short term load forecasts in Spain.
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Ever since the 1990s, statistical machine learning technology has developed quickly, and different machine
learning methods have been applied in load forecasting as well as other economic prediction tasks. Guo et al. [5]
proposed to use support vector machine for modeling the nonlinear influencing factors in load forecasts. Lahouar
and Slamab [6] used the random forest to integrate various features such as customer behaviors, load profile and
special holidays in one day ahead load prediction. And Gaussian Process based approaches [7] [8] have been
introduced in energy and load forecasting.

Several competitions about load forecasting have been organized and have attracted a lot of attention. Fifty-
six research groups participated in the 2001 EUNITE load forecast competition [7]. Global Energy Forecasting
Competition 2012 (GEFCom2012) attracted hundreds of participants from worldwide universities and companies
[9]. And participants were required to backcast and forecast hourly loads for a US utility with 20 zones at both the
zonal and system levels. And in the year 2014 a second Global Energy Forecasting Competition (GEFCom2014)
which required competitors to forecast the quantiles of hourly loads for a US utility on a rolling basis was held
[10].

Neural Network (NN) technology is an important branch of statistical machine learning and has been fre-
quently used in various kinds of forecasting tasks. NNs are extremely good at modeling the non-linearities in data
of many fields and have theoretically provable capability to approximate any complex functions with arbitrary
precision. Hippert et al. [11] critically examined a collection of papers that tried out NNs in short term load
forecasting. And Jetcheva et al. [12] presented an NN based ensemble model for day-ahead building level load
prediction. In addition, since the remarkable success in the ILSVRC2012 challenge, the research and application
of Deep Neural Networks (DNN) and Deep Learning [13] have been very hot in a number of domains, including
computer vision, natural language processing, speech recognition and signal processing, etc. Then He [14] intro-
duced Deep Feed-forward Networks to improve the performance of load forecasting by focusing on pre-training
and parameter optimization. Din and Marnerides [15] utilized the time-frequency feature selection procedure and
compared the accuracy of both Deep Feed-forward and Deep Recurrent Networks. And Marino et al. [16] showed
the superiority of Long Short Term Memory (LSTM) [17] based Sequence to Sequence model to standard LSTM
based Recurrent Networks in predicting one-minute step load data.

In this paper we propose a novel Deep Neural Network based architecture to perform one day ahead hourly
load forecasting. Our idea is to use different types of neural network components (or modules, or layers) to model
different types of factors that may impact load consumption. We borrow the approach in modern image recogni-
tion [18] and use multiple Convolutional Neural Network (CNN) components to learn rich feature representation
from historical load series. Then we model the variability and dynamics in historical loading using LSTM based
Recurrent Neural component. As for other features such as temperature and holiday, we use dense (Feed-forward)
component to project them into vector representations. And finally, we concatenate all learned features through
dense layers to predict load value. We evaluate our method on a data set consists of about 3 years of hourly load
data in a north China city. And experiment results demonstrated the advantage of our method.

The rest of this paper is organized as follows. In Section 2, we analyze the characteristics of power load series
and various factors that may impact load forecasting. Then we elaborate our methods in Section 3. After that, we
conduct experiments and show evaluation results in Section 4. Finally, we conclude our work in Section 5.

2. Feature Analysis

Electricity is consumed in people’s production and everyday life. So in essence, anything related to the produc-
tion and living pattern of people may influence power load demand. In this section, we analyze several important
types of factors that have significant impacts on power consumption, so that we can obtain some intuition of how
each of them influence load forecasting. Moreover, we decide how to include each type of feature into our Deep
Neural Network model based on these analyses.

The short term load data of a specific region have significant approximate periodicity. And this is due to the
regular work and life mode of people. Figure 2(a) illustrates how hourly load value varies periodically from June
15 to June 21 in our year 2011 data. And in figure 2(b) we can see that the curves of load data from three adjacent
weeks (July 2 to July 22, 2012 in our data set) change and match each other accordingly. So historical load usage
data are strong indicators for load prediction. Thus in this paper, we use historical loads of up to one week to
predict the day ahead hourly load.
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six research groups participated in the 2001 EUNITE load forecast competition [7]. Global Energy Forecasting
Competition 2012 (GEFCom2012) attracted hundreds of participants from worldwide universities and companies
[9]. And participants were required to backcast and forecast hourly loads for a US utility with 20 zones at both the
zonal and system levels. And in the year 2014 a second Global Energy Forecasting Competition (GEFCom2014)
which required competitors to forecast the quantiles of hourly loads for a US utility on a rolling basis was held
[10].

Neural Network (NN) technology is an important branch of statistical machine learning and has been fre-
quently used in various kinds of forecasting tasks. NNs are extremely good at modeling the non-linearities in data
of many fields and have theoretically provable capability to approximate any complex functions with arbitrary
precision. Hippert et al. [11] critically examined a collection of papers that tried out NNs in short term load
forecasting. And Jetcheva et al. [12] presented an NN based ensemble model for day-ahead building level load
prediction. In addition, since the remarkable success in the ILSVRC2012 challenge, the research and application
of Deep Neural Networks (DNN) and Deep Learning [13] have been very hot in a number of domains, including
computer vision, natural language processing, speech recognition and signal processing, etc. Then He [14] intro-
duced Deep Feed-forward Networks to improve the performance of load forecasting by focusing on pre-training
and parameter optimization. Din and Marnerides [15] utilized the time-frequency feature selection procedure and
compared the accuracy of both Deep Feed-forward and Deep Recurrent Networks. And Marino et al. [16] showed
the superiority of Long Short Term Memory (LSTM) [17] based Sequence to Sequence model to standard LSTM
based Recurrent Networks in predicting one-minute step load data.

In this paper we propose a novel Deep Neural Network based architecture to perform one day ahead hourly
load forecasting. Our idea is to use different types of neural network components (or modules, or layers) to model
different types of factors that may impact load consumption. We borrow the approach in modern image recogni-
tion [18] and use multiple Convolutional Neural Network (CNN) components to learn rich feature representation
from historical load series. Then we model the variability and dynamics in historical loading using LSTM based
Recurrent Neural component. As for other features such as temperature and holiday, we use dense (Feed-forward)
component to project them into vector representations. And finally, we concatenate all learned features through
dense layers to predict load value. We evaluate our method on a data set consists of about 3 years of hourly load
data in a north China city. And experiment results demonstrated the advantage of our method.

The rest of this paper is organized as follows. In Section 2, we analyze the characteristics of power load series
and various factors that may impact load forecasting. Then we elaborate our methods in Section 3. After that, we
conduct experiments and show evaluation results in Section 4. Finally, we conclude our work in Section 5.

2. Feature Analysis

Electricity is consumed in people’s production and everyday life. So in essence, anything related to the produc-
tion and living pattern of people may influence power load demand. In this section, we analyze several important
types of factors that have significant impacts on power consumption, so that we can obtain some intuition of how
each of them influence load forecasting. Moreover, we decide how to include each type of feature into our Deep
Neural Network model based on these analyses.

The short term load data of a specific region have significant approximate periodicity. And this is due to the
regular work and life mode of people. Figure 2(a) illustrates how hourly load value varies periodically from June
15 to June 21 in our year 2011 data. And in figure 2(b) we can see that the curves of load data from three adjacent
weeks (July 2 to July 22, 2012 in our data set) change and match each other accordingly. So historical load usage
data are strong indicators for load prediction. Thus in this paper, we use historical loads of up to one week to
predict the day ahead hourly load.
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