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a b s t r a c t

The electricity consumption forecasting problem is especially important for policy making in developing
region. To properly formulate policies, it is necessary to have reliable forecasts. Electricity consumption
forecasting is influenced by some factors, such as economic, population and so on. Considering all factors
is a difficult task since it requires much detailed study in which many factors significantly influence on
electricity forecasting whereas too many data are unavailable. Grey convex relational analysis is used to
describe the relationship between the electricity consumption and its related factors. A novel multi-
variable grey forecasting model which considered the total population is developed to forecast the
electricity consumption in Shandong Province. The GMC(1,N) model with fractional order accumulation
is optimized by changing the order number and the effectiveness of the first pair of original data by the
model is proven. The results of practical numerical examples demonstrate that the model provides
remarkable prediction performances compared with the traditional grey forecasting model. The fore-
casted results showed that the increase of electricity consumption will speed up in Shandong Province.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Energy plays an important role in the course of economy
development and social progress. Energy forecasting constitutes a
vital part of energy policy of a country, especially for a developing
country like China whose economy is in a stage of energy con-
sumption structure adjustment [1]. This has motivated many re-
searchers to focus on energy forecasting. Such as, Chai et al. used
Bayesian combination model to forecast energy demand of China
[2]. Ji predicted the petroleum consumption in China by comparing
three models [3]. Niu and Meng predicted annual electricity con-
sumption in China [4]. Zhang et al. forecasted Chinese transport
energy demand based on partial least square regression [5], Li et al.
used the least squares support vector machine with a fruit fly
optimization algorithm to predict the annual electricity load [6].
Zhu et al. provided a seasonal hybrid procedure for electricity de-
mand forecasting in China [7]. Li et al. combined the adaptive grey
model with intelligence computation to predict the short-term
electricity consumption [8]. Hu and Jiang used a neural-network-

based grey residual modification to forecast the energy demand
[9]. He et al. proposed a hybrid model equipped with the minimum
cycle decomposition concept for forecasting electrical load over a
short term [10]. Ma and Liu put forward a novel time-delayed
polynomial grey model to predict the natural gas consumption in
China [11]. Tsai et al. confirmed that the modified grey model had a
higher forecasting accuracy for renewable energy than the original
grey model [12]. Xu et al. discussed the grey prediction model with
the nonlinear optimized time response method for forecasting
electricity consumption in China [13]. Grey Verhulst model and the
nonlinear grey Bernoulli model have forecasted that the Chinese
natural gas demand will reach 315 billion m3 by 2020 [14]. Turkey's
sectoral energy demand is forecasted by using a fuzzy grey
regression model [15]. The electricity demand across different
countries is forecasted 24months in advance [16]. The real monthly
electricity consumption and macroeconomic data from China have
been studied to verify the effectiveness of the vector error correc-
tion model [17]. A comprehensive review and summarization of
decomposition based approach for the electricity demand fore-
casting is conducted [18]. The week day/weekend/holiday con-
sumption profiles to infer the proportion of industrial and domestic
electricity consumption is discussed [19]. The bottom-up approach
is used to evaluate the trajectory of long term annual electricity
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consumption of a sector of the Brazilian industry up to 2050
considering energy efficiency scenarios [20]. Two deep recurrent
neural networkmodels are proposed for electricity forecasting [21].

The conventional energy consumption prediction models can be
roughly divided into three types: regression model, intelligence
computational technologies and time series method. However, the
prediction accuracies of the time series method and regression
method rely on the distribution of the original series as well as a
large amount of observed data. The successes of intelligence
computational technology needs a large amount of training data. In
many practical situations, because of limitation for time and cost, it
is very difficult to obtain the complete information from the
analyzed system. In order to accurately analyze and predict the
uncertain systems, many studies on energy consumption fore-
casting using grey models and improved grey models have been
reported. Kumar and Jain clearly demonstrated that the time series
models (grey-Markov model, grey-model with rolling mechanism
and singular spectrum analysis) have enormous potential for
forecasting energy consumption [22]. Zhou presented a trigono-
metric grey prediction approach for forecasting electricity demand
by combining the traditional grey model with the trigonometric
residual modification technique [23]. Lee and Tong developed an
improved grey forecasting model that combined residual modifi-
cation with genetic programming sign estimation [24]. Diyar and
Mehmet proposed grey rolling mechanism approach to predict the
Turkey's total and industrial electricity consumption [25]. Pao and
Tsai compared the forecasting ability of the grey model with that of
the autoregressive integrated moving average model over the out-
of-sample period between 2002 and 2007 [26]. Pao et al. proposed
a numerical iterative method to optimize the parameters of the
nonlinear grey Bernoulli model [27]. Li et al. applied the cubic
spline function and Taylor approximation method to optimize the
grey model for achieving a high power system load forecasting

accuracy [28]. An overview of energy demand grey forecasting
methods published in 2005e2015 is given [29]. However, these
models are all first-order grey models with one variable and only
contain the information relating to the predicted series during
modelling. Therefore, these models have significant limitations
[30].

The multi-variable grey forecasting model is represented by
GM(1,N), GM(1,N) is composed of a system characteristic sequence
(or dependent variable sequence) and (N-1) related factor se-
quences (or independent variable sequences). The modeling pro-
cess takes full account of the effect of the relevant factors on the
system change, and it is a typical causal forecasting model. It can
make full use of the information contained in the associated series.
In the view of the available additional information, GM(1,n) is likely
to show higher forecasting accuracy than GM(1,1) [31]. Therefore,
in this paper, a new multi-variable grey model is used to forecast
energy consumption.

The main contributions of this paper are summarized below. 1)
The first pair of original data by the model is effectiveness. Practical
examples demonstrate that the model provides remarkable pre-
dictive performance. 2) To obtain more valuable data, the grey
convex relational method is applied to identify the key factor
associated with electricity consumption. 3) A multi-variable grey
forecasting model that considered total population is implemented
to forecast the electricity consumption in Shandong Province. 4)
The proposed forecasting method can effectively predict the future
electricity consumption and outlook the consumption trend in
Shandong province.

The rest of the paper proceeds as follows. Section 2 is a com-
pendium of annual electricity consumption in Shandong Province,
China. A novel grey model is presented in Section 3. The electricity
consumption of Shandong Province in China is predicted in Section
4. Some conclusions and discussion are given in the final Section.

Fig. 1. Shandong Province and its location in China.
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