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a b s t r a c t

China's composition of energy sources is highly geographically dependent. A large rural population still
reside in areas where carbonate composites are the major energy sources. Consequently, the resulted
carbon pollution has been an increasingly seriously environmental problem. We conduct a field survey
with a sample of 6000 rural households in 30 rural counties in 25 provinces in China. The findings
include the following. First, for cooking, fuelwood is the most commonly used fuel in rural areas although
some economically developed rural areas employ natural gas. Second, most rural residents use coal for
heating in winter season, while places like Guangdong mainly utilize gas, and Jiangsu, Zhejiang and
Shanghai primarily employ electricity. Third, the combustion of fuelwood and coal poses severe threat to
the environment and rural residents' health. We argue that the key to improving China's rural energy
consumption structure is to boost the income level of the rural residents. Meanwhile, the government
should increase the investment on the research and implementation of the renewable energy, on con-
struction of the power grid and other energy infrastructure. Targeted subsidy in certain areas is a useful
supplement mechanism.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Energy is both a fundamental living subsistence and a basic
production input. The structure of energy consumption in rural
areas has a huge impact on the economy and on the well being of
rural residents. In developing countries, there are currently around
2.64 billion people still rely primarily on traditional biomass fuels
for cooking and heating, 82% of which live in rural areas (IEA, 2013).
When the situation comes to China, the world's largest developing
country with the largest population, the figure is that about 400
million people rely heavily on traditional biomass energy, most of
which are living in rural areas (Wei et al., 2014). Therefore, this
population faces serious problems of energy poverty,1 and they are
referred as “being confronted with economic poverty, with heavy
reliance on biomass, leading to damage to ecological environment”

(Zhang et al., 2009).
Due to fast economic growth, energy demand in China's rural

areas has been increasingwith high speed, and rural energy pattern
has undergone a substantial and profound change. Total rural
household commercial energy consumption in China rose from
64.28 Million tons coal equivalent (Mtce) in 1991 to 158.65 Mtce in
2012, representing an annual average growth rate of 8.56%.2

However, alongside the fast growth of rural household commer-
cial energy consumption, biomass energy occupies the predomi-
nant position in rural residential energy consumption over a long
time, and is still the main energy source for China's rural household
(Zhang et al., 2010; Wang et al., 2017), and most of these biomass
energy sources are of low-efficiency and higher carbon-content
type fuels, such as coal, fuelwood, straw and coal (Fig. 1). The
proportion of fuelwood and straw consumption stays over 70%,
while the high-quality modern energy sources only occupy a low
proportion. This energy consumption structure intensifies the CO2
emissions and brings negative influence to environment and health
(Venkataraman et al., 2005; Chen et al., 2006; Wang, 2010). IEA,
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1 Energy poverty refers to underdeveloped industrial activities, depressed job
creation and prolonged poverty in a country or region, caused by lack of electricity
and high dependence on traditional biomass fuels (such as agricultural products,
agricultural waste, wood, wood waste, animal waste and aquatic plants, etc.). 2 Data source: China Energy Statistical Yearbook 2013.
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2013, China's CO2 emissions reached 100 million tons, accounting
for 70% of global CO2 emissions. With the increasing pressure to
push for CO2 emissions reduction, China has established the target
that by 2020, CO2 emissions per unit of GDP would decrease by
40e45% from 2005 levels. Moreover, China intends to achieve the
peak of CO2 emissions around 2030. Improvements on the structure
of rural energy consumption plays a vital role in reaching these
objectives, since rural energy consumption is an important
contributor to China's CO2 emissions, due to China's large rural
population, high proportion of coal and biomass energy and low
energy utilization efficiency (Zhang et al., 2014).

However, the efficacy and planned development of rural energy
have long been overlooked by both the Chinese overall develop-
ment strategy and the academic society. Related studies on China's
rural energy mainly focuses on rural energy-related CO2 emission,
affecting factors, consumption pattern and relevant energy policy.
Many studies show that the usage of non-commercial energy
(traditional biomass energy) decreases significantly but still ac-
counts for a large proportion of all energy sources (Zhang et al.,
2009; Yao et al., 2012; Niu et al., 2014). The proportion of
biomass energy consumption drops from 81.5% in 2001 to 70.9% in
2008 northern China (Zhou et al., 2009). The total direct CO2
emissions resulted from rural energy consumption is 1.98 billion
tons, and the indirect emissions is 0.85 billion tons, in 2008 (Zhang
et al., 2014). Specially, in Huantai, northern China, during the last 30
years, the average annual growth rates of per capita consumption
and emission are 3.2% and 3.5%, respectively. The potential reduc-
tion of annual CO2 emission is 1.25 tons for the biogas system that is
under consideration (Zhang et al., 2013). Between 2002 and 2012,
the carbon consumption of rural residents intensifies significantly,
with the average annual growth rates of 10.3%. Space heating and
cooling turn out to be the largest carbon emission source in rural
area (Liu et al., 2013; Fan et al., 2015).

Data Source: China Energy Statistical Yearbook; China Rural
Statistical Yearbook; IEA database.

There are a number of factors affecting the energy portfolio of
the household, such as household size, household composition and
education level, cooking habits and lifestyles, resource endowment
and availability to a particular energy source (Chen et al., 2006;
Pachauri and Jiang, 2008; Farsi et al., 2007; Gupta and Kohlin,
2006; Heltberg, 2005; Zhang et al., 2009). Of them, income level

is the key factor affecting energy consumption and the major driver
behind the deployment of modern fuels (Komatsu et al., 2011; Joon
et al., 2009; Fan et al., 2011; Ouedraogo, 2006; Yao et al., 2012;
Zhang and Guo, 2013).

However, because rural energy consumption problem has long
been overlooked by both the academic and the government, the
rural household's energy data are limitedly available or accessible
in China. Many studies mentioned above either focus on themacro-
level analysis of China's rural energy consumption or rely on urban
household energy consumption data to draw policy implications
(Zhou et al., 2008; Zhang et al., 2009). As there is significant het-
erogeneity among different regions and locations in China, espe-
cially between urban and rural area, it may be too simple to make a
feasible nationwide policy for rural energy development. Moreover,
since in China the non-commercial energy consumption is not
included in the official energy balance sheet, statistic figures on
rural energy are rather incomplete and subject to substantial
measurement error (Zhao et al., 2012). Although there are several
studies based on rural energy consumption survey data, their
sample size is relative small and there is little discussion on the
structure of rural energy consumption (Chen et al., 2006; Zhang
and Kotani, 2012; Niu et al., 2014).

Therefore, the current research on rural energy is either based
on the macro data, or focusing on a specific area without province
level data of rural energy consumption. Since China has a vast
territory, with different climates, environmental traits and eco-
nomic development level in different areas, rural energy con-
sumption exhibits large differences, and any research on the rural
energy focused on a certain area is lack of representability.

Through ”the Thousand Villages Survey” launched by Shanghai
University of Finance and Economics, we survey 120 villages in 25
provinces, and conducting interviews in 6000 rural households in
order to get a large enough sample. Based on the data from the
survey, this paper analyzes the status of and the factors affecting
the rural household energy consumption. This study tries to pro-
vide policy reference to improve the structure of rural household's
energy consumption with the hope of reducing carbon emission.
Moreover, the precious first-hand survey data is also valuable for
the government to develop sustainable rural energy policy.

The paper is organized as follows. Section 2 describes the
sample selection for the questionnaire survey. Section 3 analyzes
the rural energy consumptions status based on the survey data.
Section 4 estimates the fuel expenditure in rural households; Sec-
tion 5 investigates the awareness of rural residents on environ-
mental pollution; Section 6 concludes and provides policy
recommendations.

2. The survey

The rural energy consumption survey of China targets all the
family that satisfy the survey requirements in 25 provinces/cities/
autonomous regions (excluding Hong Kong, Macao, Taiwan and
Xinjiang Uygur Autonomous Region, Tibet Autonomous Region,
Qinghai Province, Inner Mongolia Autonomous Region, Ningxia Hui
Autonomous Region, Hainan Province).

2.1. Sampling method

The method of multi-stage systematic probability proportional
is applied to size sampling. This method not only reduces the costs
of the survey but also avoids estimation bias that may happen to
the equal probability sampling method due to the uneven distri-
bution of rural residents in China. The sample selection includes
four stages, largely relying on China's administrative level and
regional division. The data related to the design of the survey comes

Fig. 1. Rural residents' energy consumption in China.
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