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H I G H L I G H T
c Rural household survey is done in 19 villages on the Qinghai–Tibet plateau.
c Biomass collection and utilization cost time and are bad for health and ecosystem.
c Price is the main determinant of fuel choice.
c Most households are willing to use clean energy but pay no attention to the environment.
c Future development should focus on finding new ways to utilize biomass and exploring renewable energy.
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a b s t r a c t

We conducted surveys in 19 villages on the Qinghai–Tibet plateau to explore the social and ecological

effects of household biomass utilization and local people’s willingness to use clean energy. Results

showed that biomass was commonly used on this plateau. Dung combustion generated heavy indoor

smoke in pastoral regions. Women were main dung collectors, who spent 1.8 h per day on dung

collection. Crop residues and firewood were mainly collected by adults. Most respondents would like to

rest while few chose to entertain or study when the time for biomass collection was saved. Tree

numbers decreased in agricultural regions and grasslands deteriorated in pastoral regions recently

according to most respondents. There were significant differences in the willingness to use modern

energy, but no significant difference in the willingness to use clean energy among households from

regions with different livelihoods. Almost all the respondents would like to use clean energy when

there was no economic constraint but paid no attention to the environmental impact of fuel choice.

Livelihood and region were main determinants in modern energy utilization, and energy price was the

main determinant of fuel choice. Future energy development should focus on finding new ways to

utilize biomass and exploring renewable energy.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Having access to modern energy (e.g. electricity or gasoline) is
important to human beings for reducing health and safety risks
(Barnes, 1988; IEA, 2010), optimizing time budget constraints
especially for women and children, and increasing household
labor productivity and income (Dutta, 2003; Rath, 2005). Mean-
while, after the Kyoto Protocol, renewable energy development
has aroused interest all over the world for their lower greenhouse
gas emission compared with fossil energy (Haberl et al., 2012).
Since the oil crisis in the 1970s, various dimensions of household
ll rights reserved.
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energy use have been explored and many strategies have been
designed and implemented to solve problems on access to energy
services, transition to modern fuels, energy poverty, environmen-
tal concerns and greenhouse gas (GHG) emission (Joon et al.,
2009; Kowsari and Zerriffi, 2011). Among them, the social and
psychological analyses of residential energy consumption and
energy conservation are attracting more and more attention
(Owens and Driffill, 2008; Stern, 1992). Given that the use of
energy sources is strongly related to public willingness and
acceptance, a better knowledge of household willingness and
consumer behavior are important for policy makers to achieve
energy development goals (Kowsari and Zerriffi, 2011; Owens and
Driffill, 2008; Viklund, 2004).

Willingness is the behavioral intention, which is crucial in
shaping the consumer’s demand for goods. Studies on people’s
willingness to use renewable energy and the determinants of
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willingness are gradually acknowledged. Kostakis and Sardianou
(2012) present some insights into the determinants of tourists’
willingness to pay for renewable energy in green hotels in Greece.
Hansla et al. (2008) explore the willingness to pay for green
electricity in Sweden and show that the willingness increases
with positive attitude toward green electricity and decreases with
electricity cost. Roe et al. (2001) find that many individuals in
the United States are willing to pay for decreased air emission,
especially when emission reductions stem from increased reliance
upon renewable fuels.

Biomass has been used for cooking and heating for thousands
of years on the Qinghai–Tibet plateau. Overgrazing and utilization
of biomass as fuel have been proven to result in grassland
degeneration, soil fertility reduction, desertification and the
weakening of the ecosystem’s function (Abegaz et al., 2007; Cai
and Zhang, 2006; Liu et al., 2008; Ping et al., 2011; Wei et al.,
2004). Besides that, collection of biomass costs much time and
energy, and the combustion of biomass releases heavy smoke
which might pose health hazards to consumers, especially to
women and children (AIR, 2002; Liu et al., 2008). On the other
hand, the Qinghai–Tibet plateau is rich in renewable energy like
solar energy, wind energy and hydropower for its special geological
position and climate.

Given the particular role it plays in climate regulation and
social–economic welfare, the energy issues of the Qinghai–Tibet
plateau have attracted much interest from researchers and policy
makers (Liu et al., 2008; Qie et al., 2003; Wang, 2009; Wang and
Qiu, 2009; Wei et al., 2004; Xiang et al., 2009). However, our
understanding of the people’s willingness to use renewable
energy and the determined variables of renewable energy choices
on the plateau have not been fully assessed. Here, we present
results from a survey designed to assess local people’s willingness
to use clean energy with regard to present energy consumption
and future energy choices in different counties in the eastern part
of the plateau. We seek to investigate the following issues:
(1) whether rural residents realize the social and ecological effects
of fossil and biomass utilization; (2) what their favorite energy type
is; (3) whether they want to use clean energy or not; and (4) what
the most important determinant of fuel choice is. Lastly, based on
the energy situation and the willingness local people hold, we give
some suggestions on future energy development.
Fig. 1. Survey sites in seven counties in Qinghai Province, China.
2. Methods

2.1. Study area

With an area of 2.57 million km2 and average altitude of over
4000 m above sea level (asl), the Qinghai–Tibet plateau
(261000120 0N-391460500 0N, 731180520 0E-1041460590 0E) is recognized
as the third pole of the earth. Alpine meadow, alpine steppe,
alpine shrub and alpine desert are the main types of landscapes
on the plateau. Qinghai Province (311400N-391150N, 891200E-
1031050E) lies in the eastern part of the Qinghai–Tibet plateau
with an area of 720,000 km2 and population of 5.68 million in
2011 (Qinghai Bureau of Statistics, 2012). Pastoral lands account
for 59.1% while farmlands and woodlands account for 0.8% and
Table 1
Three parts of Qinghai Province according to the livelihood.

Part in Qinghai Livelihood

Eastern part Agricultural zone

Qinghai lake area Agro–pastoral transitional zone

Western part Desert and pastoral zone
3.9% of the land area of Qinghai respectively. This area is
characterized by strong solar radiation with long, cold winters,
short, cool summers and short frost-free periods. The mean
annual temperature is 0.17 1C and annual precipitation varies
from 14.9 mm in the northwest to 774.3 mm in the southeast
with most of the rain falling between June and September. Annual
evaporation is about four times greater than annual precipitation
(Natural Geography Chronicles Compiling Committee of Qinghai
Province, 1998). Qinghai Province can be divided into three parts
according to livelihood (Table 1).
2.2. Data collection

We carried out our survey in 19 villages in seven counties:
Xunhua, Huzhu, Wulan, Gangcha, Gonghe, Tianjun and Dulan
from April to August 2009 and 2010. Xunhua and Huzhu are
located in an agricultural zone; Gonghe, Tianjun and Dulan are
located in a pastoral zone; Wulan and Gangcha are located in an
agro–pastoral transitional zone (Fig. 1).

We chose household as the survey unit since household was
the basic unit of decision-making and consumption. We randomly
selected survey households in each of these 19 villages based on
social and economic conditions of households with the help of a
local guider. The economic status of a household was determined
in terms of pasture or farmland held, livestock owned, employ-
ment type and total income. We took the highest education in a
household as the education level of the household. Household
size only included those people who lived in the family during the
last six months before the investigation.

Altogether, 691 households were sampled. Among them, 12
households gave incomplete information. We discarded the
incomplete questionnaires and the valid number of households
sampled was 679. These seven counties differed in altitude and
Altitude (m) Population Ethnicity

1700–2500 3,500,000 Han, Hui, Tu, etc.

2500–4500 100,000 Majority are Tibetan

above 3000 Sparse Majority are Tibetan
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distance to the town, and households in these seven counties
differed in education, income, and household size (Table 2).

Open-structural questionnaires and interviews were used in the
investigation. Our questionnaire included three aspects: (1) basic
information of respondents and the household (income, household
size, livestock, farmland, education, energy using appliances, etc.);
(2) social effect of household energy consumption, indicated by the
chance of cough during the burning of fuel and the time cost of
biomass collection; moreover, the ecological effect of energy con-
sumption, indicated by changes in numbers of trees or the grassland
around the villages; and (3) the willingness to use clean energy and
modern commercial energy, and main determinants of modern
commercial energy utilization. We used the questionnaire as a
guide but followed the thinking of respondents with no constraint
on those questions. We took the guider as the first interviewee to
ensure he understood all the questions. Each interview took 30–
60 min to complete in agricultural regions where mandarin could be
understood, and 60–90 min in pastoral regions where Tibetan is the
universal language with the guider as the translator. All question-
naires and interviews were conducted face to face.

2.3. Data analyses

Education levels and different answers to questions were
quantified as different numbers to facilitate the following ana-
lyses (Table 3). These data were not normally distributed and
could not be transformed into normally distributed data. There-
fore, we used non-parameter test (Kruskal–Wallis H) to compare
the differences in household willingness to use clean energy
among seven counties. After the variables were dumbed, we used
stepwise logistic regression to find out the determinants of
willingness to use modern energy. All the statistical analyses
were done in SPSS 15.0 (SPSS Inc., Chicago) and two-tailed with
significance of Po0.05.
Table 2
Socio–economic conditions of the surveyed households from seven counties (Mean7S

County Altitude (m) Educationn Househ

Xunhua 1873.1270.73 3.0370.075 4.777
Huzhu 2597.4478.74 3.0570.72 4.477
Wulan 2965.0070.28 3.1470.74 4.287
Gangcha 3295.7878.53 2.8370.98 4.327
Gonghe 3336.57716.93 1.8870.78 4.867
Tianjun 3800.81716.01 2.6771.05 4.677
Dulan 3907.6579.45 2.1170.14 5.437

Notes: Education level was divided into five types: illiterate, primary school, junior high

4 and 5, respectively. Education here is the highest education level in each household

months before the investigation. $1 USD¼ 6.31 (2012/1/6).

Table 3
Questions and codes for answers when analyzing data.

Questions Codes for answers

Education Illiterate (1), primary sc

What to do with the ash after combustion As fertilizer (1), throw

Is there any smoke when burning Yes (1), no (�1)

Is the smoke heavy or not Heavy (1), not heavy (

Cough or not when burning fuel Yes (1), no (�1)

Want to use same fuel or not Yes (1), no (�1)

Want to use clean energy or not Yes (1), no (�1)

Consider the environmental effect or not when choosing fuel Yes (1), no (�1)

Change in number of trees around the village Increased (1), decrease

Livestock number change Increased(1), decreased

Pasture change around the village Better (1), worse (�1),

Heard of global change or not Yes (1), no (�1)

Source of knowledge of global change Television or internet (
3. Results

3.1. Social effects of biomass combustion among different regions

Majority of dung piles were less than 500 m away from tents
or houses in the pastoral region. Women were the main dung
collectors (95.9%), who spent 1.8 h on average in dung collection
each day. Crop residues were collected more than 3 h per year by
adult members of the family. The collection of firewood cost
2.55 h per month mostly by adults (81.7%) and few by elders and
children (19.3%). The majority of respondents wanted to take rest
while some wanted to entertain or study when time for biomass
collection was saved (Table 4).

Many households in agricultural regions used improved stoves
and the combustion of biomass generated less smoke while many
households in pastoral regions used traditional stoves with no
chimney to drive smoke outside, leading to heavy indoor air pollution.
Heavy smoke could be found in 31.8% households in Gangcha, 55.7%
households in Gonghe and 36.4% households in Tianjun. About 4.1%
of respondents in Gonghe often got cough during the burning of fuels
and 75.6% of coughers were women (Table 4).

3.2. Ecological effects of biomass combustion among different

regions

Very few ashes were used as fertilizer in agricultural regions
while all ashes were thrown away in pastoral regions after biomass
combustion. Both the livestock numbers per household and the
whole village have not change much in recent years. The numbers of
tree declined in Xunhua and Huzhu, and increased in Wulan, while
pastures owned by both households and the whole village degen-
erated in Gangcha, Gonghe and Tianjun in recent years according to
the respondents. The majority of interviewees sensed the warming
of winters but did not know about any global change (Table 5).
E).

old sizen Annual income

(Yuan)n
Distance to

town (km)

N

0.12 11,1847701 3 154

0.14 9,8727488 5 96

0.12 11,6117770 5 120

0.099 11,28471,940 27 110

0.18 12,4357980 40 97

0.27 21,96472,351 50 55

0.29 16,93671,509 80 47

school, senior high school, college and university, which were recorded as 1, 2, 3,

. Household size only includes people who have lived in the family in the last six

hool (2), junior high school (3), senior high school (4), college and university (5)

away (2)

�1)

d (�1), unchanged (0)

(�1), unchanged(0)

unchanged (0)

1), other people (2), books or class (3)



Table 4
Social effect of biomass combustion in the seven counties in Qinghai.

Xunhua (%) Huzhu (%) Wulan(%) Gangcha(%) Gonghe (%) Tianjun (%) Dulan (%)

Indoor air smoke when burning fuel
87.7 97.9 93.3 73.6 82.5 61.8 87.2

Heavy smoke when burning fuel
0.0 0.0 3.3 31.8 55.7 36.4 2.1

Often cough when burning fuel
0.6 0.0 0.0 0.0 4.1 0.0 0.0

Sex of cougher (male/female)
100.0/0.0 – – – 24.4/75.6 – –

What to do when time for biomass collection is saved?
Rest 86.4 Rest 96.9 Rest 89.2 Rest 53.6 Rest 84.3 Rest 100.0 Rest 72.8

Entertain 0.0 Entertain 1.0 Entertain 9.1 Entertain 5.5 Entertain 15.7 Entertain 0.0 Entertain 19.1

Other 13.6 Other 2.1 Other 1.7 Other 40.9 Other 0.0 Other 0.0 Other 8.5

Table 5
Ecological effect of biomass combustion in the seven counties in Qinghai.

Xunhua (%) Huzhu (%) Wulan (%) Gangcha (%) Gonghe (%) Tianjun (%) Dulan (%)

Change in number of trees around the village
Increased 3.2 Increased 20.8 Increased 83.3

Decreased 94.2 Decreased 76.0 Decreased 0.0 – – – –

Unchanged 2.6 Unchanged 3.1 Unchanged 16.7

Change in number of livestock owned
Increased 1.8 Increased 10.3 Increased 9.1 Increased 0.0

– – – Decreased 0.0 Decreased 19.6 Decreased 3.6 Decreased 0.0

Unchanged 98.2 Unchanged 70.1 Unchanged 87.3 Unchanged 100.0

Change in number of livestock in whole village
Increased 0.9 Increased 14.4 Increased 3.6 Increased 0.0

– – – Decreased 0.0 Decreased 11.3 Decreased 1.8 Decreased 0.0

Unchanged 99.1 Unchanged 74.2 Unchanged 94.5 Unchanged 100.0

Change in situation of pasture owned by yourself
Better 0.0 Better 0.0 Better 10.4 Better 0.0

– – – Worse 3.6 Worse 36.1% Worse 31.6 Worse 0.0

Unchanged 96.4 Unchanged 63.9 Unchanged 58 Unchanged 100.0

Change in situation of pasture in whole village
Better 0.0 Better 0.0 Better 10.4 Better 0.0

– – – Worse 3.6 Worse 36.1 Worse 31.6 Worse 0.0

Unchanged 96.4 Unchanged 63.9 Unchanged 58 Unchanged 100.0

Use ash as fertilizer after biomass combustion
0.0 1.1 0.8 0.0 0.0 0.0 0.0

Heard of global change
15.6 20.8 25.0 9.3 16.4 15.1 10.6

Source of knowledge of global change
Television 100.0 Television 94.9 Television 96.7 Television 100.0 Television 40.0 Television 66.7 Television 0.0

Other people 0.0 Other people 5.1 Other people 3.3 Other people 0.0 Other people 60.0 Other people 33.3 Other people 100.0
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3.3. Willingness to use energy types among different regions

There were highly significant differences in the willingness to
use electric appliances (w2

¼75.57, df¼2, Po0.001), liquefied
petroleum gas (LPG) (w2

¼138.07, df¼2, Po0.001) and coal
(w2
¼341.94, df¼2, Po0.001) among households in regions with

different livelihoods. There was no significant difference in the
willingness to use clean energy among households from different
counties, counties with different livelihoods or counties with
similar livelihoods (P40.05).

Most households from Gonghe and Tianjun wanted to use LPG,
while most households in pastoral regions wanted to use coal.
Almost all the respondents took price as the first factor to consider
when choosing fuel types while few considered availability of
energy or fuel-using habits first. Most respondents would like to
use clean energy when there was no economic constraint but took
no consideration of environmental impact when choosing energy
types. Majority of households chose electricity and some house-
holds chose LPG as their favorite fuel when there was no economic
constraint for cleanliness and convenience. Some households in
pastoral regions chose dung as their favorite energy type even if
there was no economic constraint (Table 6).
3.4. The determinants of willingness to use energy type

We included altitude, livelihood, region, respondent’s educa-
tion, respondent’s age, household size, household income and
household education into our regression model to assess the
household willingness to use electric appliance, LPG and coal. We
found that livelihood and region were determinants of willing-
ness to use electric appliances; livelihood, region and respon-
dent’s education were determinants of willingness to use LPG;
and livelihood, region, respondent’s education, household size
and household education were main determinants of willingness
to use coal (Table 7).
4. Discussion and policy implication

4.1. Social and ecological effects of biomass utilization

This empirical study indicated that the utilization of biomass
reduced rest or education time, and increased the possibility of
suffering from respiratory disease for women. The ashes of
biomass combustion did not return to farmland or pastures



Table 6
Willingness to use energy types in the seven counties in Qinghai.

Xunhua (%) Huzhu (%) Wulan (%) Gangcha (%) Gonghe (%) Tianjun (%) Dulan (%)

Want to use LPG
16.9 3.1 8.3 12.2 90.7 67.3 2.1

Want to use coal
0.0 4.2 13.2 88.9 85.6 54.4 83.0

Favorite fuel when there is no economic constraint
Electricity 87.7 Electricity 88.5 Electricity 83.3 Electricity 93.9 Electricity 82.1 Electricity 60.0 Electricity 51.1

Coal 9.7 Coal 6.3 Coal 11.7 Dung 3.1 LPG 11.2 Dung 24.9 Coal 38.3

LPG 2.6 LPG 3.1 LPG 5.0 Coal 1.5 Coal 4.5 Coal 15.1 Dung 10.6

LPG 1.5 Dung 2.1

Care about the environment when choosing fuel
1.3 3.1 0.8 0.0 0.0 0.0 0.0

Want to use clean energy when there is no economic constraint
100.0 100.0 99.2 100.0 100.0 100.0 100.0

Table 7
Stepwise regression results of willingness to use energy type.

Dependent variable¼electric appliance use Dependent variable¼LPG use Dependent variable¼coal use

Variable B P B P B P

Altitude 0.003 0.957 0.985 0.321 �0.002 0.072

Livelihood 3.267 o0.001 5.145 o0.001 2.494 0.004
Region 2.974 o0.001 4.502 o0.001 2.573 o0.001
Respondent’s education 0.045 0.833 �0.346 0.028 �0.553 0.017
Respondent’s age �0.198 0.061 1.065 0.302 0.323 0.570

Household size 0.291 0.590 0.188 0.081 0.303 0.013
Household income 0.069 0.793 0.097 0.755 1.068 0.301

Household education 0.626 0.429 0.072 0.788 �0.677 0.002

Note: The data with statistical significance (Po0.05) are shown in bold.
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properly. Most interviewees sensed the change of winter tem-
perature and saw the deterioration of pastures and the decrease
of tree numbers in recent years but knew little about global
change and did not take environmental effects into consideration
when choosing fuel types, indicating that the rough and irrational
utilization of biomass might bring something negative to both the
health of people and the ecosystem around.

Most women in pastoral regions were illiterates, whose lives
were full of housework, and they barely had any time to rest and
not to mention the time for study, and most of them could not
understand mandarin, which might constrain their knowledge of
the world and then the way of energy utilization. They knew little
about new things, and many interviewees did not know how to
use LPG, wind turbines and electric applications, and considered it
was dangerous to use LPG. The lack of knowledge of what clean
energy is and how to use it might constrict the spread of clean
energy.

4.2. Willingness to use energy type and determinants of energy

choice

The results also showed that households in rural Qinghai
mainly used biomass and fossil energy at present, but they were
willing to use clean energy when there was no economic
constraint. Energy price was the main determinant of fuel choice,
besides that, some socio–cultural factors like fuel using habits and
availability of fuels were equally important in decision-making
preferences of fuel at a household level. Most respondents chose
electricity as their favorite energy type with some choosing coal
or dung, indicating that clean energy had large room for devel-
opment in rural Qinghai while biomass and fossil energy would
still be used in the short run.

Contrary to our expectation, household income was not the
main determinant of willingness to use energy in rural Qinghai,
while many studies confirmed the importance of income in
shaping the willingness to use renewable energy (Ek, 2005;
Zarnikau, 2003). Both household education and respondent’s
education were important determinants of willingness to use
energy which was consistent with previous studies that higher
education levels were associated with higher probability of
modern fuels use (Heltberg, 2003; Swofford and Slattery, 2010;
Zarnikau, 2003).

4.3. Policy implication

Given that biomass will be the main energy resource in rural
Qinghai in the near future, the improvement of energy-using
efficiency is an effective way of energy saving and emission
reduction. Old stoves have low burning efficiency and release
much smoke and noxious gas while improved stoves could double
the burning efficiency and have chimneys to direct smoke out of
houses (Bhattacharya and Salam, 2002). Thus, the expansion of
improved and energy-saving stoves is a good way to reduce
energy consumption. Furthermore, new ways of biomass utiliza-
tion like biogas, biomass electricity, and straw briquette could
also improve the energy efficiency. Qinghai Province has launched
sets of programs in the past 30 years to advance solar energy
applications and biogas. However, the lack of technical know-how
and follow-up obstructs the utilization of solar cookers and
biogas. Thus, the training of local technicians for management
and maintenance of energy equipment is crucial in expanding the
energy development.

Early experience and information are found to have a big
influence on personal behavior and could drive people to engage
in similar behavior (Macey and Brown, 1983). Public participation
and exposure to information about energy issues are thought to
promote renewable energy development (Batley et al., 2000;
Ladenburg, 2008; Swofford and Slattery, 2010; Zarnikau, 2003),
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and the willingness to pay increases as people are more familiar
with renewable energy (Nomura and Akai, 2004). Besides that,
households in the same village will imitate each other; thus one
or two households with past experience and knowledge would
bring along the development of certain energy types. Considering
the right-now situation of local people’s poor knowledge of
renewable energy and the lack of environmental concern, the
government should put more effort in enlarging the propaganda
of renewable energy to raise people’s awareness and knowledge,
and provide some training programs to seek out some experts to
bring along the development of renewable energy.

Households in rural Qinghai were willing to use clean energy if
there was no economic constraint, but energy price was always
the obstacle. The same result could be found in a survey done by
Zhou and Cui (2007), that 74.3% of households are willing to use
renewable energy when economic conditions permit, while 25.3%
of households do not know or care about renewable energy in
western China. The rich renewable energy resources and invest-
ments will assure the great development potential of renewable
energy in Qinghai Province. Furthermore, sparse population in
pastoral regions makes small photovoltaic power stations and
hydropower plants more cost-effective than the expansion of
electricity grids to satisfy the lighting needs of herdsmen. How-
ever, the relatively high cost might hinder the wide spread of
renewable energy systems in the energy market. Thus, finding
new ways to decrease the cost and enlarging the support of
government will promote the utilization of renewable energy in
rural Qinghai.
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