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Abstract
Background: There are obvious differences in rural household energy consumption, which vary according to the
location of the households. At the village level, geographic factors significantly influence household energy choices
and consumption. Therefore, it is vital to research differences in rural energy use among different types of villages
to pertinently strengthen the implementation of rural energy policy and to correctly adjust the measures for local
conditions.
Methods: For this study, typical villages were selected, and the related data were obtained by using questionnaire
surveys and household interviews. We investigated the differences among villages regarding rural household energy
consumption for mountainous, semi-mountainous, and plains areas in the Loess hilly region of Gansu Province.
Results: The results indicate obvious differences in rural household energy consumption among the different types of
villages, although they shared the distinctive feature of utilizing a combination of energy sources; however, the level of
rural household energy consumption is relatively low. In the mountainous areas, households mainly depend on straw
and use coal, animal manure, solar energy, wood, and bio-gas as auxiliary energy sources. In the semi-mountainous areas,
households mainly depend on coal and use straw, wood, and solar energy as auxiliary energy sources. In the plains areas,
households mainly depend on coal and use grass, straw, solar energy, and wood as auxiliary energy sources. Energy used
for cooking and heating, both of which are required for basic survival, accounted for most of the energy consumption. In
the hilly, mountainous areas, households relied on kangs (an integrated system for cooking, sleeping, household heating,
and ventilation) for heat in the winter. In the semi-mountainous areas, households used both kangs and stoves for heat.
In the plains along the river district, households primarily depended on stoves for heat.
Conclusions: The characteristics of energy combination provide the evidence that farmers tend to make full use of their
own resources to achieve maximum utility. Eco-environmental and economic problems should both be considered and
consequently resolved together for optimal rural energy development.
Keywords: Rural household energy, Energy consumption, Village differences, Loess hilly region

Background
Energy is the most basic material demand for the
existence and development of human being. Energy
consumption is used as the criterion for measuring
the level of economic and social development for a
certain region [1]. Due to the energy crisis and other
environmental, economic, political, market, and social
issues, researchers have sought to develop sustainable
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and renewable energy sources to reduce energy
consumption, protect the environment, and promote
regional development [2].
Household energy consumption accounts for a substantial proportion of the total energy consumption
worldwide. In certain European and North American
and South American countries, household energy use
accounts for approximately 30 % of total energy consumption [3, 4]. In China, the rapid development of the
economy and society in past decades have resulted in an
increasingly high energy demand, for which household
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energy consumption has accounted for a significant proportion [5–8]. It has been reported that residential
energy consumption was approximately 11 % of China’s
total energy consumption in 2012 [9].
In the vast rural areas of developing countries, there
are extensive and profound connections which link
regional economic and social development and environmental protection with the supply and demand of
energy.
Because of the growing concern regarding rural household energy consumption, several research areas have
emerged. The first area of research focuses on changes in
the household energy consumption structure. Multiple
factors, including local energy resources and economic,
social, cultural, and natural geographical factors, influence
the rural household energy consumption structure [10, 11].
Optimizing the energy structure and adjusting energy
management policy are important aspects of promoting
the improvement of rural areas in developing countries
[12–14].
The second area of research focuses on the utilization
and exploitation of renewable energy. The evaluation of
the potential exploitation of fuel sources in different
regions, particularly renewable energies such as solar energy, wind energy, biomass, and terrestrial heat, has shown
great potential; however, energy utilization is restricted because households must pay for their energy usage. The
shortage of energy sources continues to be a long-standing
problem [15–17]. The improvement of resource use technology and the transformation of resource consumption
patterns are not the only approaches available to resolve
energy shortages; however, they play important roles in
improving the efficiency of resource use and reducing
environmental pollution. These approaches have been used
in the rural areas of Asia and Africa with beneficial results
[18–20].
Because rural areas hold a large population, household
energy consumption in these areas is significant, and
traditional methods of energy consumption used by
thousands of households cause tremendous destruction
to the environment of China. China comprises a vast
territory: its natural conditions are complicated, economic development levels are widely different, and
regional differences in rural household energy consumption are apparent. Solving the rural energy problem in
China requires the combination of strategic planning by
the national energy system and full awareness of regional
differences in rural energy consumption; such a solution
should be based on the energy requirements of actual
regions and include effective, scientific planning, and
design of rural energy development strategies [21].
Similar to other developing countries, China has a renewable energy program for citizens living in rural areas
that are often very remote. Within the framework of this
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program, numerous renewable energy technologies have
been developed in the past and are currently being
developed to address rural energy shortages [22, 23].
The two most important renewable energy technologies
used in the rural areas of China are bio-gas digesters
and solar stoves. Bio-gas production is an important
aspect of the energy strategy in China [24].
In the study area of Gansu Province in Northwest
China, the rural energy construction program was initiated in the 1970s and thus has a relatively long history.
In 2000, the national government strengthened the program, and Gansu’s rural renewable energy construction
program profited by this opportunity for development.
At the end of 2011, 308,000 households owned rural
bio-gas digesters, and 788,000 solar stoves were distributed in Gansu Province [25].
In the Loess hilly region, many residents are poverty
stricken, the environment is fragile, household energy
shortages exist, and excessive biomass consumption has
become an important factor contributing to ecological
degradation [26]. Due to the complexity of the terrain and
villages that are located in different terrain areas, there are
differences in the planting structure, the energy resource
endowment structure, and economic development levels.
Therefore, it is vital to research the differences in rural
energy use between these different types of villages to
strengthen pertinent rural energy policy implementation
and correctly adjust the measures to local conditions.
Prior studies have analyzed issues such as greenhouse
gas emissions, energy poverty, and health risk; however,
insufficient attention has been paid to the differentiations in rural household energy consumption. On a
micro-scale, this study examines the differences in rural
household energy consumption for different types of
villages in the Loess hilly region in Gansu Province. We
obtained relevant data via questionnaire survey and analyzed the current situation in rural family life and the
respective energy consumption structures and village
differences. We then developed a model of rural energy
construction for the different types of villages and
provided a basis for policy design relating to regional
development and environmental management.

Methods
Description of study area

The Loess hilly region in the center of Gansu Province
includes broken terrains and ravines. It suffers from the
most serious soil erosion within the Loess Plateau
region; thus, its ecological environment is fragile. In this
area, crisscrossing gullies and sparse vegetation on loose
soil are mostly unprotected against heavy rain, which
leads to severe erosion and delivers soil and water into
the gullies. The most severe loss of water and soil is in
the Loess Plateau where the annual average temperature
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is between 5.9 and 10.4 °C. Precipitation is approximately 400 mm, and loose soil is easily cultivated. There
is a long agricultural history in the Loess Plateau, and
archeological studies on the Dadiwan Ruins of Qin’an
County have demonstrated that crop planting occurred
in the region more than 7000 years ago [27]. When
farmland is barren and dry and produces a low-yield cultivation, land becomes the primary method of increasing
the food supply. When household energy is extremely
scarce, farmers use local materials such as large amounts
of crop straw, trees, and weeds for cooking and heating.
This leads to a significant challenge in deciding whether
to utilize these materials for fuel, feed, or fertilizer [28].
The demand for food leads to reclaiming steep-slope
lands, and the demand for fuel damages vegetation. Due
to an increase in population and less land for families to
cultivate, a low level of agricultural production and subsequent farmer poverty are common in low-income
areas in China. Such a high demand places great pressure on resources and the environment and seriously
restricts sustainable development for this region. Household energy consumption is a process that involves key
interaction between the environment and the economy,
as demonstrated in Fig. 1.
Since 1999, the nation has implemented Western
Development Strategies. The goal of the strategy is to return the region from farmland to forest and grassland in
order to implement natural forest protection. The
agriculture ministry has implemented the Ecology
Household Project (EHP) in this region since 2003. The
EHP was founded on the concept of renewable energy
resources. The objective of EHP is to transform the agricultural production and lifestyle of traditional rural
households through the application of technologies and
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engineering that are carefully matched to different types
of households.
In addition, farmers’ incomes have increased. Coal,
electricity, and liquid gas consumption have also
increased, which has prompted an upgrade to the local
energy structure [29]. In poverty-stricken areas with fragile environments, solving basic energy requirements is
of practical significance. This includes vegetation protection and expanding this protection incrementally [30].
Effectively utilizing existing biomass resources and improving energy use technology and energy efficiency are
effective methods to solve certain local ecological and
economic problems.
Surveys

To quantitatively compare the differences among
household energy consumption for different villages, it
is necessary to obtain reliable data and design an
appropriate method.
For this survey, the study area was divided into three
different terrains including mountainous areas, semimountainous areas, and plains areas. Hilly mountain
villages were located in the mountains at high altitudes
and experienced a significant temperature fluctuation
between day and night. The agricultural planting structure was used more often than traditional agriculture.
Production was not high, and there was extensive cultivation. These areas were affected by a drought climate
which resulted in unstable agricultural production.
Furthermore, these villages were located a great distance
from town which made traffic inconvenient. Lastly, these
villages had a low economic level. Semi-mountainous
areas were typically located on the mountainside, with
an altitude lower than that of the mountainous areas.

Fig. 1 Rural energy consumption’s impact on the environment and the economy
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Agricultural planting structures were used more often
than traditional agriculture, and farmers planted a small
number of cash crops. Traffic was relatively inconvenient because the villages were of a great distance away
from towns. Plains area villages had the best local
economic conditions. The fluvial outwash land was
fertile, and the areas had water security. The agriculture
industry gave priority to economic crops and planted
fruit and vegetables primarily for surrounding urban
areas and other markets. In the plains areas, farmers
were wealthier than those in the other two areas.
In June 2012, we conducted a pre-test survey to affirm
the validity of the sample and reconstructed the wording
of our questions to ensure the questionnaire (Additional
file 1) was clear and user-friendly.
In July and December 2012, 13 representative villages in
Qin’an and Tongwei Counties were surveyed. Tazipo,
Qiyao, Jiahe, Pindao, Liangxian, Xiedao, Dougou, and
Dunwan are mountainous hilly villages. The Heishitou,
Qizui, and Dapin villages are located in semi-mountainous
areas. Sizui and Houtan were located in the plains area
(Fig. 2). The basic conditions of the 13 villages are provided
in Table 1.
We visited 390 peasant families and effectively
surveyed 371 farmers which accounted for 24.65 % of
the total number of households in the 13 villages. The
families surveyed included both high-income households
(annual household income above 40,000 yuan) and lowincome households (annual household income above

Fig. 2 Location of the villages investigated in this study
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5000 yuan). Peasant families included three-generation
families and nuclear families.
The survey data contained detailed geographic information at the village level and included the natural characteristics of each village surveyed because the geographic
location significantly influenced household energy choices
and consumption in rural areas. Collected data included
the distance between villages, the distance to the nearest
town, the latitude of the village, and the topographical
features of the villages.
Detailed information was collected regarding household
energy consumption, particularly the installation and use of
bio-gas digesters and solar stoves. Each type of fuel that
was used for 1-day cooking and heating was evaluated. The
thermal efficiencies of bio-gas and solar heating of water
were measured. In the survey, we gathered information
regarding household characteristics including family labor,
basic demographic and educational information for all
household members, housing conditions, and family assets.
The data from the survey also contained information
regarding household production activities, such as livestock
production, land ownership, and off-farm employment.
During the survey process, we discussed the representation
of sample data with officials from rural energy management
offices from both Qin’an and Tongwei Counties.
Calculation method

Statistical data collected from the field investigations were
used to calculate annual household energy consumption.
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Table 1 Basic conditions of the three types of villages
Location

Altitude
(m)

Number in
household

Number of households
investigated

Per door
farmland (ha)

Average yearly household
income (yuan)

Tazipo

1902

54

21

2.045

7005

Qiyao

1752

112

29

1.784

7170

Jiahe

1875

67

22

1.677

9030

Pindao

1715

110

21

0.955

7680

Liangxian

1858

97

25

1.034

9270

Xiedao

1834

44

16

0.757

5820

Dougou

1726

215

30

0.465

8025

Dunwan

1778

44

20

0.803

9915

Mountainous areas

Semi-mountainous areas
Heishitou

1633

125

37

1.255

10635

Qizui

1583

103

35

0.888

10035

Dapin

1530

103

33

0.453

6030

1347

326

54

0.049

11985

Plains areas
Sizui
Houtan

1257

105

28

0.183

15900

Total

–

1505

371

–

–

The total energy consumption of households can be
calculated using the following formula:
Te ¼

m X
n
X

xij ði¼1; 2…n; j¼1; 2…mÞ

ð1Þ

j¼1 i¼1

where
Te—total energy of household consumption
n—types of energy resources
m—types of energy consumption
xij—the amount of the ith type of resource to use for
the jth type of purpose
Energy resources were converted into standard coal
equivalents to compare with different energy structures.
The conversion factors from physical units to coal
equivalents [31] are provided in Table 2.

Results and discussion
Village differences in household energy consumption

(1)Overall structure of household energy consumption
Presently, rural household energy use primarily includes
cooking and heating (using either a stove or a kang bed
stove). Heating water, slow-boiling tea, lighting, and

electrical home appliances (e.g., televisions, music equipment, video recorders, washing machines) all consume
small amounts of energy. Existing energy sources include
crop straw, coal, grass, wood, animal dung, electricity, solar
energy, and LPG (liquefied petroleum gas). According to
the questionnaire data on the corresponding consumption
of all types of energy and energy consumption projects, we figured out the household energy consumption structure for the three types of villages (Table 3).
The household energy totals, for mountainous areas,
semi-mountainous areas, and plains areas, 2030.52,
1921.54, and 2166.48 KgCE, respectively.
(2)Village differences in energy portfolio characteristics
According to the survey data, rural household energy
consumption indicated distinct energy portfolio characteristics. The mountainous area households used
straw, coal, dung, solar energy, and wood mainly and
used bio-gas as only an auxiliary energy source. The
semi-mountainous area households used coal, grass,
straw, and solar mainly and used wood as only an
auxiliary energy source. The plains areas used coal,
grass, and straw mainly and used solar energy as only
an auxiliary energy source (Fig. 3).

Table 2 The conversion coefficient for energy resources
Crop residues (kg) Grass (kg) Firewood (kg) Dung (kg) Coal (kg) Electricity (kWh) Bio-gas (m3) Solar (MJ) LPG (kg)
Conversion coefficient

0.500

0.428

0.571

0.500

0.714

0.123

0.714

0.034

1.714
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Table 3 Structure of rural household energy consumption for the three types of villages (KgCE)
Crop straw

Grass

Wood

Animal dung

Coal

Electricity

Bio-gas

Solar energy

LPG

Total

452.45

0.00

16.64

0.00

245.08

2.24

41.43

75.03

0.81

833.68

Mountainous village
Cooking
Boiling tea

0.00

0.00

10.18

0.00

0.00

0.55

0.00

0.00

0.00

10.73

Lighting

0.00

0.00

0.00

0.00

0.00

4.98

0.00

0.00

0.00

4.98

Heating kang

380.73

240.4

0.00

125.77

31

0.97

0.00

0.00

0.00

778.87

Stove

0.00

0.00

15.17

0.00

379.15

0.00

0.00

0.00

0.00

394.32

Home appliance

0.00

0.00

0.00

0.00

0.00

7.94

0.00

0.00

0.00

7.94

Total

833.18

240.4

41.99

125.77

655.23

16.68

41.43

75.03

0.81

2030.52

75.43

44.64

0.00

457.79

1.37

0.00

97.22

0.00

860.66

Semi-mountainous village
Cooking

184.21

Boiling tea

0.00

0.00

5.02

0.00

0.00

2.04

0.00

0.00

0.00

7.06

Lighting

0.00

0.00

0.00

0.00

0.00

7.21

0.00

0.00

0.00

7.21

Heating kang

154.48

311.15

0.00

0.00

57.72

0.00

0.00

0.00

0.00

523.35

Stove

0.00

0.00

19.65

0.00

491.9

0.00

0.00

0.00

0.00

511.55

Home appliance

0.00

0.00

0.00

0.00

0.00

11.71

0.00

0.00

0.00

11.71

Total

338.69

386.58

69.31

0.00

1007.41

22.33

0.00

97.22

0.00

1921.54

64.85

87.34

35.94

0.00

583.26

1.48

0.00

114.78

5.45

893.1

Plains village
Cooking
Boiling tea

0.00

0.00

0.00

0.00

0.00

4.24

0.00

0.00

0.00

4.24

Lighting

0.00

0.00

0.00

0.00

0.00

9.31

0.00

0.00

0.00

9.31

Heating kang

97.63

352.28

0.00

0.00

95.95

0.15

0.00

0.00

0.00

546.01

Stove

0.00

0.00

26.98

0.00

675.39

0.00

0.00

0.00

0.00

702.37

Home appliance

0.00

0.00

0.00

0.00

0.00

11.45

0.00

0.00

0.00

11.45

Total

162.48

439.62

62.92

0.00

1354.6

26.63

0.00

114.78

5.45

2166.48

Fig. 3 Structure types of energy consumption in the three types of villages
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The data in Table 3 indicate that the mountainous area
households consumed the greatest amount of straw of
approximately 833.18 KgCE, and the plains area households consumed the least amount of straw of only
162.48 KgCE. Semi-mountainous area households consumed approximately 338.69 KgCE of straw. A peasant
household consumes straw generally to provide selfsustaining energy, and the gain depends on the farmers’
planting structures and production. Large amounts of
farmland are available for each farmer, and the farmers
in hilly mountainous areas grow traditional agricultural
crops to obtain more straw. In the plains areas, farmers
plant fruit trees, vegetables, and other economic crops.
Only a few farmers grow traditional crops, and fewer
farmers grew straw.
The coal consumption per household in the plains areas
was 354.6 KgCE, and in the semi-mountainous areas, consumption was 1007.41 KgCE. In the mountainous areas,
consumption was less than half of that in plains areas,
which was 655.23 KgCE. Commercial energy consumption
is affected by the farmers’ economic situation and the
amount of self-produced energy. Plains areas farmers use
less noncommercial energy, and most farmers bought coal
as a supplement. In addition, we determined that many
poor farmers in the plains areas continue to use grass as
their primary energy resource. Coal use was seldom
reported during the survey.
The plains area households consumed the grass most,
followed by the semi-mountainous areas and mountainous
areas. In our survey, the three types of areas consume the
grass 439.62, 386.58, and 240.40 KgCE, respectively. The
kang was the most basic heating method for mountainous
areas during the winter. Fuels consumed included straw,
grass, dung, and coal dust. Farmers harvested a small
amount of stalks in the plains areas and in general did not
raise large animals that would produce manure for fuel;
therefore, grass was commonly used to heat kangs.
Electricity was widely used clean energy in the Loess
hilly region in Gansu, but clean energy consumption was
rare overall. The plains area consumed electricity most
at 26.63 KgCE; the semi-mountainous areas consumed
22.33 KgCE and the mountainous area households
consumed electricity the least at only16.68 KgCE (see
Table 3).
According to the surveys, when consuming energy,
farmers select the type of energy based on cost, availability,
convenience, and cleanliness. Energy cost was the primary
factor considered when consumers selected which fuel to
use because their choices were limited by their ability to
pay. Ordered from the highest to the lowest, the types of
household energy used were the following: straw and grass,
household bio-gas, coal, electricity, and liquefied gas. Three
other factors (availability, convenience, and cleanliness)
were also considered when the farmers chose fuels. Real
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household energy consumption patterns were determined
by the farmers’ selection of energy sources under existing
conditions. There continued to be an energy shortfall after
peasants consumed all of the biomass fuel; therefore, solar
stoves, coal, and LPG were needed to meet their basic
energy needs. The characteristics of combined energy
sources provided evidence that farmers used their own
resources to realize utility maximization.
(3)Village differences in energy consumption structure
Regarding household energy, heating and cooking
consumed the most energy in the Loess hilly region in
Gansu. In the mountainous, semi-mountainous, and
plains areas, heating and cooking accounted for 98.98,
99.11 and 98.94 % of the total life-sustaining energy
consumption, respectively (Fig. 4).
Kangs and stoves were the primary heating methods in
the rural areas and consumed the most energy. In the
mountainous areas, the heating energy consumption per
household was 1173.19 KgCE in the winter, which was
approximately three fifths of all consumed energy, and
heating kang was primarily used as heating energy
consumption. In the semi-mountainous areas, the heating energy consumption per household was 1034.9 KgCE.
The kang and stove were equally used for heating, and each
accounted for approximately half of the usage. The per
household heating energy consumption was 1248.38 KgCE
in the plains areas. The stove was primarily used for heating
and accounted for 60 % of overall usage. Overall, heating
energy used more fuel in the plains areas, and the stove
was the primary heating method; coal consumption
produces more effective heat energy and the heating effect
is superior.
The consumption of cooking energy in peasant households in mountainous, semi-mountainous, and plains
areas were 833.68, 860.66, and 893.1 KgCE, respectively.
In the mountainous areas, straw was used primarily and
coal was a secondary used energy source. In semimountainous areas, coal was primarily used and straw
was a secondary used energy source. Coal comprises up
to 65% of the cooking energy in the plains areas.
For lighting and electrical appliances, the usage proportion was less than 1 %.
Residents of villages drank canned tea in the Loess hilly
region, which consumed little energy. Data indicated that
the hilly areas used firewood for preparing tea, the plains
areas used electricity, and the semi-mountainous areas
used firewood and electricity equally.
Household energy use structures, in some degree,
reflected the local residents’ living standards. Overall,
in the Loess hilly region in Gansu, cooking and
heating, which were the basic survival needs, were the
main energy usage. Entertainment, television, audio,
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Fig. 4 Energy consumption in the three types of villages

and other household appliances occupied only a small
proportion of energy consumption.
Discussion of rural household energy construction

Rural energy construction must take advantage of local
resources. In the Loess region of the Gansu Province,
where rural households are impoverished and water loss
and soil erosion are serious matters, the issue of household energy shortages must be solved to improve the
environment. Bio-gas digesters, energy-saving kangs, and
solar stoves should be more widely utilized.
This study revealed that a beneficial cycle has been
established within the ecosystem that closely linked biogas production, crop cultivation, and household animal
husbandry due to the effective use of nutrient materials,
biological energy, and solar energy in this region (Fig. 5).
Household heating played an important role in many

Fig. 5 Energy flow in the rural energy consumption system

aspects of energy demand. For a long period of time,
Chinese kangs and stoves have been used in rural areas
for household heating purposes. These two appliances
provide heat for rural residents during extremely cold
weather; however, indoor thermal comfort remains poor
throughout winter. Innovating traditional kangs and
building energy-saving kangs are primary methods to
enhance quality-of-life and to protect the environment,
both of which have important strategic significance for
sustainable energy use in rural areas.
People in mountainous areas and semi-mountainous
areas are subject to shortages of water, fuel, and
fertilizer, which hinder local economic development.
Rural energy construction should be based on terracing
and rainwater collection. The primary energy construction components include bio-gas digesters, solar
cookers, energy-saving kangs, sunlight greenhouses, and
water cellars. A water cellar is a type of rainwater collection technology invented by farmers in Gansu Province
in China for survival in a harsh, dry environment where
rainfall only occurs in July, August, and September. A
water cellar is used to store rainwater runoff within a
cemented cellar during the wet season for residents and
livestock to use during the dry season. A water cellar
may store 30–40 m3 of water and can sustain a family of
five for up to 5 months.
For villages in the plains with superior economic conditions, the primary energy production was vegetable
and fruit cultivation. Bio-gas acted as a link, driving livestock husbandry, reducing overall agricultural production costs, and producing pollution-free vegetables, thus
improving farmers’ incomes and promoting rural economic development. The primary energy construction
elements included greenhouses, bio-gas digesters,
energy-saving kangs, and solar cookers.

Li et al. Energy, Sustainability and Society (2016) 6:33

By improving economic conditions for families, enhancing resource availability, and changing consumption
practices, we can constantly upgrade rural energy
consumption structures and gradually diversify it from a
single traditional energy consumption structure toward
high-quality energy consumption. This transition allows
us to take effective measures to promote and guide this
shift, which is of great significance for ecological protection and improving consumption structures.

Conclusions
In this study, we analyzed current rural household
energy consumption structures. This study differs from
prior studies because we focused on differences among
different types of villages, using data collected by questionnaires from371 rural households in the Loess hilly
region of Gansu Province, China. According to the
study, the household energy totals for mountainous,
semi-mountainous, and plains areas were 2030.52,
1921.54, and 2166.48 KgCE, respectively. Total energy
consumption was less in rural areas. The energy sources
that peasants obtained only met their basic living
demands and were insufficient to improve their living
standards.
This article revealed differences in energy portfolio
characteristics among different village regions. The mountainous areas used straw, coal, dung, solar energy, and
wood mainly and used bio-gas as only an auxiliary energy
source. The semi-mountainous areas used coal, grass,
straw, and solar mainly and used wood as only an auxiliary
energy source. The plains areas used coal, grass, and straw
mainly and used solar energy as an auxiliary energy source.
People in mountainous areas depend on straw the most;
those in the plains areas depend on straw the least. People
in the mountainous areas used kang primarily for heating
in the winter, those in the semi-mountainous areas used
both kang and stove for heating, and those in the plains
areas primarily used the stove for heating. The characteristics of the energy combinations provide evidence that
farmers make full use of their various resources to realize
utility maximization.
Economic conditions, resource availability, and consumption are the primary influencing factors that determine
rural energy consumption levels and structure changes.
The improvement of farmers’ economic conditions results
in a limited ability to purchase energy and played a positive
role in reducing biomass energy consumption. Currently,
the energy structure is undergoing a historic transformation
period.
Rural energy construction must take advantage of local
resources and combine demand with their potential to
match rural, economic, and social development. It is important to consider energy conservation, emissions reduction, and ecological protection; however, we must
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also consider the actual capacity of the farmers. Applications of new technologies and appliances are technically
feasible and have an economic rationale.
This study contributes to the current knowledge regarding household energy consumption on the microscale, the development of more effective intervention
strategies, long-term energy conservation, and sustainable development. The limitation of this study lies on
two aspects. Firstly, this paper researches into the
village differences of rural household energy consumption taking the Loess hilly region of China as an
example; however, further study on the internal mechanism is still needed. Secondly, the topographic condition affects the agricultural activities and the income
structure and has influences on the household energy
consumption. So, future studies may expand the
sample size and improve the method of analysis, discussing deeply the optimal rural energy development
of different topographic conditions.

Additional file
Additional file 1: Questionnaire of rural household energy
consumption. (DOCX 26 kb)
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