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The status of energy consumption and air pollution in China is serious. It is important to
analyze and predict the different fuel consumption of various types of vehicles under
different influence factors. In order to fully describe the relationship between fuel
consumption and the impact factors, massive amounts of floating vehicle data were used.
The fuel consumption pattern and congestion pattern based on large samples of historical
floating vehicle data were explored, drivers' information and vehicles' parameters from
different group classification were probed, and the average velocity and average fuel
consumption in the temporal dimension and spatial dimension were analyzed respectively.
The fuel consumption forecasting model was established by using a Back Propagation
Neural Network. Part of the sample set was used to train the forecasting model and the
remaining part of the sample set was used as input to the forecasting model.
© 2017 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.

Published by Elsevier B.V.

Keywords:
Vehicle fuel consumption
Prediction
Floating vehicle data

Introduction

Most of the metropolitan areas of the world are suffering from
traffic congestion, excessive energy consumption and traffic
emissions, which have become obstacles to the development
of cities. The air pollution and energy wastefulness have
caused residential environment deterioration and immeasur-
able economic loss (Zhang, 2014). The China National Science
and Technology Development Plan clearly pointed out that
the status of energy consumption and air pollution in China is
serious, and the development of an integrated transport
system was proposed to solve the problem of energy
consumption and pollution, traffic safety and traffic conges-
tion (National Outline for Medium and Long Term S&T
Development 2006–2020, 2006).

The increase inmotor vehicle travel and vehicle ownership
is bound to further accelerate energy consumption, so that the

problem of energy is becoming more prominent. It has been
estimated that 90% of urban air pollution in fast-growing
cities in developing countries can be attributed to vehicle
emissions (Zhao and Yu, 2016; United Nations Environment
Program, 2010). In addition, China's traffic pollution is much
higher than in other developed countries such as Japan, due to
high energy consumption, high emissions and high pollution.
The daily traffic jam time in Beijing increased from 3.5 hr in
2011 to 5 hr in 2008. The daily commute time of residents in
China's 15 major cities is 480 million hours higher than that in
European countries. One billion yuan a day is lost due to the
traffic issues in these cities (Niu, 2012). Even in developed
countries, millions in economic losses are caused by traffic
congestion. For example, the total economic losses due to
traffic congestion in 439 US cities in 2010 was 115 billion US
dollars, timewaste of 4.8 billion hr. and fuel waste of 1.9 billion
gallons (Schrank, 2011). In Tokyo, Japan, the annual
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transportation costs have increased by 84.2 billion yen, and
economic losses of up to 12 trillion yen are caused by traffic
congestion (Cao, 2009).

It is apparent that effective techniques for estimating fuel
consumption costs are essential in order to reduce unneces-
sary fuel wastage (Siami-Irdemoosa and Dindarloo, 2015). Fuel
consumption is an important economic indicator. Under the
premise of limited environmental capacity, the need for
gradual control of fuel consumption is inevitable to protect
the earth resources and improve the atmospheric environ-
mental quality. Therefore, it is very important to analyze and
predict the different fuel consumption of various types of
vehicles under the influence of different factors.

Over the past decades, there have been several major
categories of methods used in fuel consumption studies (Xu,
2012). One is to focus on the characteristics of the engine. Fuel
consumption can be calculated based on engine data com-
bined with the corresponding engine cycle conditions and
vehicle technical parameters. The second is to use the carbon
balance method to calculate the fuel consumption. The third
one is building a fuel consumption forecasting model using
independent variables affecting the fuel consumption, based
on real vehicle tests. Accurate and reliable data for motor
vehicle fuel consumption can be obtained experimentally.
However, it is limited by the experimental equipment and
conditions. Therefore, the forecasting model of fuel consump-
tion is an important means for the evaluation of traffic
strategies (Yan, 2012). In an urban traffic environment, there
are many factors that affect the fuel consumption forecasting
model, such as vehicle performance, roads, traffic conditions,
vehicle age distribution, driving range, driving speed, envi-
ronmental conditions, road conditions, traffic volume, speed,
etc. So far, most of the research on fuel consumption has
focused on the characteristics of automobiles, and the corre-
sponding fuel saving technology is widely used in automobile
design. However, other factors such as road conditions, traffic
conditions and drivers' characteristics are seldom taken into
consideration. Therefore, the study of fuel consumption under
consideration of different factors is of practical significance
(Gao, 2007). De Vlieger (1997) found that fuel consumption will
increase by 12%–40% with aggressive driving. Rakha and Ding
quantified the impact of the number of stops and driving speed
on fuel consumption using the VT-Micro model to prove the
relationship between vehicle fuel consumption and driving
behavior (Rakha and Ding, 2003).

Influenced by various factors, fuel consumption changes
over a large range with no regularity. It is difficult to predict
fuel consumption by using a mathematical formula. Artificial
neural networks (ANNs) employ a massive interconnection of
simple processing elements that incrementally learn from
their environment to capture essential linear and nonlinear
trends in complex data, so that they provide reliable predic-
tions for new situations containing even noisy and partial
information (Siami-Irdemoosa and Dindarloo, 2015; Schalkoff,
1997; Haykin, 1994). ANN has strong adaptability, fault
tolerance and self-learning ability, and can fit arbitrarily
complex nonlinear models to multidimensional data to any
desired accuracy (Smith, 1996). Neural networks have been
used successfully in several studies for modeling energy
consumption and exhaust emissions.

In order to fully describe the relationship between fuel
consumption and impact factors, a massive floating vehicle
database was used in this study. The fuel consumption
forecasting model was established by using a BP neural
network (Back Propagation Neural Network). Part of the
sample set was used to train the forecasting model and the
remaining part of the sample set was used as the input to the
forecasting model.

1. Data description

In order to fully describe the relationship between fuel
consumption and the impact factors, massive samples of
floating vehicle data (FVD) were collected. More than 13,000
floating vehicles in Beijing were involved in this project. The
collected data included the time, location, speed, driving
direction, road conditions, fuel consumption, the drivers'
personal information, the vehicles' basic parameters and
some other related information. Data were recorded every
30 sec from June 1 to July 31, 2012. The data amounted to
about 300 GB.

Based on the FVD data, the relationship between the fuel
consumption and each factor was analyzed and demonstrat-
ed in Table 1 and Figs. 1 and 2. The fuel consumption is
described in terms of liters per 100 km.

Fuel consumption of a car ¼ Total fuel consumption of a car
Total travel distance of this car

The independent samples t-test can be used to see if two
means are different from each other when the two samples that
the means are based on were taken from different individuals
who have not been matched. Therefore, the independent
samples t-test method was used to compare the means of two
independent samples for each factor, and identify whether the
statistical difference between two sample groups is probably
representative of real difference. The significant difference index
(Sig.) between two groups for each factor is shown in Table 1, and
the Sig. values are smaller than 0.05, which denotes that the fuel
consumption is statistically significantly different between the
two groups for each factor.

Average fuel consumption of different urban road hierar-
chies and different ages is shown in Fig. 1. The average fuel
consumption in arterial roads and branches is higher than the
other two types of roads.

Table 1 – The average fuel consumption in different
factors.

Fuel
consumption
(l/100 km)

Gender Transmission
type

Fuel typea

Male Female Auto Manual 93# 97#

Mean 8.551 8.439 8.582 8.426 8.495 8.823
Sig. 0.01 0.01 0.03

a The so-called No. 93, 97 unleaded petrol means that they contain
respectively, 93%, 97% of the anti-knock ability of “iso-octane”,
which contains respectively, 7%, 3% of the anti-knock ability of
pure n-heptane.
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