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Abstract 

Residential solid fuel combustion using fuels like crop straw, firewood and coal, 

usually has low efficiencies, and yields a variety of incomplete pollutants which 

significantly affect the local/regional air quality, human health, climate change directly 

or indirectly. The adoption of cleaner fuels and cookstoves is expected to achieve 

great benefits in many aspects. Among many deployment programs so far, some of 

them resulted in great success but some not. As such, it is necessary to identify key 

factors affecting the adoption and sustainable use of cleaner fuels and cookstoves, so 

as to offer a reference in future deployment program.  

The research group headed by Dr. Pozzolo conducted a systematic literature 

research work on this. However, in their study, peer-reviewed literatures in Chinese 

were not included, although some studies conducted in China and reported in English 

publications were analyzed. Consequently, Global Alliance of Clean Cookstoves 

(GACC) supports a study to find evidence in Chinese peer-reviewed literature on the 

key enablers and barriers influencing the deployment and sustainable use of cleaner 

fuels and cookstoves (the main objective of the present study). We followed the 

research method by Pozzolo et al., with only a small modification of some key words 

in the translation from English to Chinese so as to coincide with the Chinese word 

feature. A total of 47132 papers were found and 930 ones were selected in the first 

review for the read and analysis of abstract and keywords. In the second round, 351 

papers selected from these 930 papers were read in full text, and finally, a total of 87 

peer-reviewed papers were in-depth reviewed and analyzed after data extraction.   

Based on these peer-reviewed Chinese literatures, it can be concluded that 

many subjective and objective factors affect the adoption and sustainable use of 

cleaner fuels and cookstoves. These factors include:  

1) Fuel/stove technology. The burning and thermal efficiency, continuous 

supply, convenience and cost are critical factors affecting fuel adoption. For low 

income household, the cost of fuel is of prior concern, while for high income 



 

 
 

household, the convenience, comfort and benefits on environmental quality and 

human health are considered in the fuel choice. For biogas, the supply of raw material, 

the quality of biogas generating pool and the quality of biogas affect its use 

significantly.  

2) Household and setting characteristics, including factors like family size, 

age, gender, household income, location and structure. Without doubt, the house 

income affects the adoption behavior significantly. With the increase of house income, 

it is possible for most residents to adopt cleaner commercial fuels so as to improve 

the living conditions. The consumption of biogas increases with the income increase 

at the very beginning, and after a critical value of house income, the biogas 

consumption decreased with the income increase. Most residents would change to 

other cleaner and renewable fuels like LPG.  

The location and structure of household are also found to correlate with the fuel 

choice in some area. In families with concrete structure, people prefer to use cleaner 

commercial fuel, which is related to the relatively high income of the household. The 

influence of location is related to the abundance, accessibility and cost of different 

fuels. In most remote area, the commercial fuels like natural gas and LPG are 

expensive in comparison with nearly free biomass fuels and cheap coals. The 

development of biogas is also determined by the local conditions like ground 

temperature and solar energy resources.  

In terms of the size, age and gender of family members, the young prefer to use 

cleaner high-quality fuels while the old are used to traditional solid fuels in daily 

cooking and heating. Because of the scale effect, the fuel utilization efficiency is 

generally higher in large size family (4-5 members) compared to the family with less 

than 3 persons. In addition, with more people in home, there would be enough labors 

to use and maintenance the biogas pool so as to continuously support the biogas fuel. 

Compared to the male in family, the female are preferably to adopt cleaner new fuels 

since they, in most cases, conducted the cooking and heating activities in home, and 

thus expose directly to incomplete pollutants emitted from the domestic burning. 



 

 
 

Besides, changing to cleaner fuels with relatively high burning efficiency would 

reduce the total time spent, decrease fuel consumption amount and free the labor to 

do other works which additionally increased the house income. 

3) Knowledge and perception. The knowledge and awareness about fuel 

characterization and potential benefits after adoption of residents are positively 

correlated with their adoption willing and enthusiasm. Through the publicity of new 

fuels and cookstoves, and through the demonstration from the around, there would 

be more and more residents know about these new fuels and cookstoves, and would 

participate into the adoption group.  

Generally, with a higher education level, it is easier to adopt new things, which 

means to use cleaner fuels and cookstoves in the present study. The education is 

spreading in China, which is good for the deployment. But it is also realized that more 

rural residents go to look for work elsewhere and migrate into the urban and big cities 

after graduation which to some extent is a limiting factor for the development of 

biogas in rural area since it requires relatively large labor to maintenance the gas 

production.  

4) Policy and regulations. The adoption would be promoted under the support 

of beneficiary macro-policy, detailed regulations and rules, It is important to decide 

distinct rules and regulations to different areas. 

5) Financial support. Through the ways of low tax and subsidy, financial support 

from the government would increase the adoption willing and more important the 

adoption behavior at the very beginning facilitate without an increase of residents�’ 

financial cost.  

6) Market development. It is important to guaranteeing the sustainable use of 

cleaner fuels and stoves after the adoption with a good development of fuel, stove as 

well as stove accessory market. The beneficiary policy will also facilitate the market 

development.  

7) Governmental role. The role of government is in particular important in a 



 

 
 

deployment program in China. The publicity, demonstration and after-sale services of 

new fuels and stoves would increase the enthusiasm and willing in adoption. With the 

emphasis of government officers, a professional team would guarantee the service 

and technical support during the initial adoption and sustainable use. 
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1. Introduction 

1.1 Background  

Globally, over three billion people use solid fuels mainly including coal, crop 
residues and woody materials as the main household energy source, and more than 
90% of the consumption occurred in developing countries. During the last three 
decades, although the percentage of people using solid fuels has decreased due to 
the improvement of living standard, the total number of people exposed to severe air 
pollution from residential solid fuel combustion remains very large because of a rapid 
increase in the population (Bonjour et al., 2013). Due to lower combustion efficiency 
leading to relatively high emissions of incomplete pollutants per mass fuel or per task) 
and a large consumption amount, residential solid fuel combustion usually emits a 
large number of various compounds, like gaseous CO, NOX, SO2, particulate matter 
with complex chemical compositions, as well as CO2. As a consequence, residential 
solid fuel combustion affects local/regional air quality to a large extent, and also 
influences human health and climate change (Anenberg et al., 2013). Globally, 
exposure to smoke from residential solid fuel combustion is the 2nd (female) or 5th 
(male) largest risk factors among the 67 investigated risk factors, resulting in 
approximate 3.55 million premature death and 4.5% global DALYs (disability-adjusted 
life years) in 2010 (Lim et al., 2012). The risk is even higher than that exposure to 
outdoor ambient particulate matter and ozone, and making it the largest single 
environmental risk factor in many developing countries. 

Pollutant emissions from the combustion process are influenced by a variety of 
factors including fuel property, stove design and fire management. Generally, it is 
believed that improved stoves with relatively high burning efficiency could result in the 
alleviated air pollution, lower fuel and energy consumption, free women time and 
benefits for human health etc. In the last several decades, several regional or national 
programs have been deployed by the local government, regional community or 
non-governmental organization to improve combustion efficiency, reduce indoor air 
pollution and protect human health through the adoption of cleaner fuels and high 
efficient (improved) stoves (Puzzolo et al., 2011). In addition to achieve successful 
improvement in fuel saving, air quality, human health and social welfare, these 
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initiatives also demonstrated that there was great potential for easing the burden of 
cooking over rudimentary or traditional low efficient stoves, and more important, it is 
possible to get support, not only financial support but also technical supply, from 
influential leaders and local or international organizations all over the world 
(Anenberg et al., 2013).  

To achieve real desired benefits, it is essential and also important to take the 
effectiveness and sustainable use of the new fuels and/or stoves through the 
programs or interventions. At the very beginning, it is generally very difficult to deploy 
new designed stoves or alternative fuels in most households since it may change the 
cooking habits and also increase economic burden of the residents. Usually, under 
the support of local or national government and financial welfare, �“new�” stoves and 
fuels could be deployed widely. However, another thing of concern is whether it can 
last for a long time. Experiences from Chinese National Improved Stoves Program 
and India�’s National Improved Stove Program gave contrary answers. It is critical to 
study on the key factors influencing the adoption of cleaner fuels and improved high 
efficient low emission stoves.  

Recently, Puzzolo and co-workers (2011) from the UK department for 
International Development, University of London, reviewed over one hundred studies 
from Asia, Africa and Latin America to identify the key factors affecting the 
deployment of improved stoves and clean fuels. It is satisfied to see the study based 
on a comprehensive and systematic search strategy is able to assess several key 
enablers and barriers in the improved stove and clean fuel deployment. However, in 
their study, Chinese peer-reviewed literatures were not included, although the 
experience from Chinese National Improved Stove Program resulted in positive 
benefits in both air quality and human health.  

1.2 Significance of Chinese studies 

Severe air pollution in China has attracted high worldwide attention (Anenberg et 

al., 2010; Brauer et al., 2012; van Donkelaar et al., 2010). It had estimated that the 
premature deaths attributed to the ambient air pollution in China were about 350-400 
thousands, and the economic burden of premature mortality and morbidity was 
conservatively estimated at about 157 billion RMB (1.16% of the GDP) in 2003, and 
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may as high as 520 million according to the willing-to-pay estimation (World Blank, 
2007; Zhang et al., 2007). Due to large consumptions under relative efficiencies in 
residential stoves, residential solid fuel (coal and biomass) combustion emitted large 
numbers of incomplete pollutants in China. It is estimated that residential solid fuel 
combustion produce about 14-20, 23-35, 33-47, 82-91, 46-67, 9.2-10, 9.0-11, and 
62% of primary TSP, PM10, PM2.5, OC, BC, SO2, NOx, and PAHs in China (Lei et al., 
2011; Shen et al., 2013; Wang et al., 2012; Zhao et al., 2013; Zhang et al., 2008). 
During 1982-1992, a national improved stove program was conducted in China which 
introduced about 129 million improved stoves into rural areas. It is estimated that 
more than two-thirds of the stoves were still in use, making the program well known in 
the world (Smith et al., 1993).  

In view of the potentially large benefits associated with abatement of indoor 
burning of solid fuels, knowledge of which factors are responsible for successful 
adoption of clean cookstoves and new fuel-devices is of obvious importance. And 
since interventions have globally given varying results and haves often been 
unsuccessful, the cumulative experience of China in conducting improved cookstove 
programs will provide valuable information for future work. As such, it is no doubt that 
China has successful experiences of others to go by.  

1.3 Objective 

Since the study by Puzzolo and co-authors did not include peer-reviewed 
Chinese publication, Global Alliance of Clean Cookstove (GACC) decided to support 
a literature survey and review study on the identification of key factors affecting the 
deployment and sustainable use of clean fuels and cookstoves in China. This is the 
main objective of present study.  

The present study adopted the search and analytic approach (using similar 
investigation tabulations) in Puzzolo et al., (2011)�’s review, so as to keep consistent 
with the protocol used in the larger systematic review. Translation in Chinese for 
these terms is not simply a matter of seeking words with similar meaning, but of 
finding appropriate terminology that is commonly and frequently used in Chinese 
language literature.  
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2. Method 

2.1 literature search and keywords 
Table 2.1 Search terms 

Intervention/fuel        AND  Uptake OR     Programme* 
stove/ cookstove 
cooking stove 

adoption National Improved Stove 
Program/ NISP 

cook AND technology accept/uptake 
High efficient low emission 
stove 

deliver 

Fuel-saving stove  choice/ switch 
cook AND fuel dissemination 

Ministry of Health AND 
improved kitchens 
 
Yangtze River Valley 
Environmental Protection 
Project AND stoves 

liquid petroleum gas scale 
pipelined gas Household/ 

domestic 
natural gas residential 
electricity Rural/country 
biomass/ biogas  
fuelwood/ firewood  
coal   
honeycomb briquettes  
Charcoal  
energy  
Biomass pellet  

Other medium or small scale 
programme 

* The programmer listed in the table will be independently searched in the electronic 
databases 

Eligible studies were identified from the database according to the designed 

search terms and keywords. The papers were classified, screened, and in-depth 

reviewed. Standard operation procedure (SOP) for literature screening was 

established. Peer-reviewed publications were identified from the database of China 

National Knowledge Infrastructure, Wanfang Data and VIP Journal integration 

platform, Chinese Science Citation Database and Chinese Social Sciences Citation 

Index up to October, 2013.  

The search terms used in the UKID protocol were adopted in the present study, 

but with a minor adjustment according to local names for stoves or fuels in China. The 

search terms are listed in Table 2.1 in both English and Chinese. Translation in 
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Chinese for these terms is not simply a matter of seeking words with similar meaning, 

but of finding appropriate terminology that is commonly and frequently used in 

Chinese language literature. The terms in the first two columns in Table 2.1 were 

combined with Boolean search function �‘and�’. Extend search for literature within some 

famous improved household stoves programs was also conducted, using the 

program name or agencies as search terms. 

 

2.2 literature screening and classification 

The study team was separated into two groups with three persons in one group. 

The two groups conducted the literature search respectively and the results were 

compared and combined. Duplications were removed from the total number of 

studies found from multiple database searches. Remaining articles were reviewed 

independently by two authors according to inclusion/exclusion criteria based on title 

and abstract. Any discrepancies were adjudicated by the third author. The criteria are 

based on the following components: (1) clear aim and objective; (2) adequate 

description of context; (3) appropriate study methodology (i.e. sampling, data 

collection and analysis). The individual studies were assessed according to 6 criteria 

and graded into �‘high�’, �‘moderate�’ and �‘low�’. A study with a final grade of very low was 

excluded based on inadequate quality. 

These publications were classified into qualitative study, quantitative study and 

case/policy study.  

 Qualitative studies followed qualitative methods such as 

semi-structured/structured interviews, focus group discussions (FGD), observation 

techniques, recalls, etc.  

 Quantitative studies different from the qualitative methods usually follow 

quantitative methods such as empirical measurements, regression analysis and 

statistical models based on collected data and information in real practice.  

 Case/policy study provides insights on problems and countermeasures 
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on the fuel consumption structure, cleaner fuels and improved stoves during the 

adoption based on a project/programme. The study followed the roadmap showing in 

Figure 2.1. 

Figure 2.1 Study roadmap 

 

Identification of 
eligible studies 

Study classification 
and screening 

Thematic analysis 

In-depth review 

A draft report 

The final report 

Peer-review 

Chinese 
database 

Search 
term 

Cleaner fuels 

Improved stoves 

Types of enablers and barriers 
  Knowledge and perceptions 

 Fuel and technology characteristics 
 Financial, tax and subsidy mechanisms  
 Regulation and legislation 
 Market development 
 Programmatic and policy mechanisms and at different levels 

(household community, national and international levels) 

Electric documents 
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396 studies were excluded based on 
not fulfilling inclusion criteria 

351 full-text articles were read in 
full-text and assessed 

47132 studies identified from databases 

930 articles selected for abstract review 

183 duplicates discarded 

20 quantitative studies 23 qualitative studies 44 case/policy studies 

87 full-text articles were assessed in 
for in-depth review 

46202 studies were excluded based on 
titles/keywords not fulfilling the inclusion 
criteria or not relevant 

264 studies were excluded after quality 
assessment 

3. Results 
3.1 literature search results 

3.1.1 Studies identified  
 

Figure 3.1 Literature search trial flow 

 

47132 records were found from the databases. After initial screening of the titles, 

we selected 930 articles for abstract review, and 351 articles were selected for 

outcomes of interest, and of that 87 ones were read in full-text. Among the 87 finally 

deep analyzed papers, there are 20 quantitative studies, 23 qualitative studies and 44 

case/policy studies. Data and main results were extracted from these 87 papers and 
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key enablers and barriers affecting the adoption and sustainable of clean fuels and 

cookstoves were identified.  

 

 

3.1.2 Study spatial distribution 

Studies covered most areas of mainland China. Among 87 studies, 20 were 

based on the national statistical data or general situation in China so that the analysis 

of influencing factors was in the view of a general situation in whole China.  

Among the other 67 studies, most of them were conducted on a specific situation 

in the local area. There were 13 studies in Jiangsu provinces and 9 studies reporting 

the situation and influencing factors of cleaner fuels and stoves in Shanxi (Figure 3.3). 

Figure 3.4 also shows the spatial distribution of quantitative studies identified. It can 

be revealed clearly from these two figures that there were very limited studies, 

particularly quantitative studies nowadays on the influencing factors of cleaner fuels 

and cookstove adoption. Because of distinct differences in population and pollutant 

emission densities in different provinces in China, and large spatial variations in 

social-economic development conditions and personal habits, although some study in 

the view of whole china can identify several key factors in fuel and stove adoption, 

local studies focusing on the specific situation in targeted provinces, or even county 

level if possible would be preferable. 

 

 

Residential energy 
consumption 

48.3% 

Improved stove 
3.4% 

biogas 
40.2% 

Straw gasification
3.4% 

Compressed biofuels
3.4% 

electricity 
1.1%

Quantitative 20 
23% 

Qualitative 23 
26% 

Case/policy 44 
51% 

 

 
Figure 3.2 the proportion of identified studies reporting factors affecting the 
adoption and sustainable use of different fuels and cookstoves 
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20 studies, additionally, based on the 
national general situation or national 
statistical data 
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Figure 3.3 the number of studies in different provinces in mainland China 
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Study number 

 
Figure 3.4 the number of quantitative studies in different provinces in mainland China 
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3.2 Results 

3.2.1 development of cookstove  

 

The development of household stove in China can be classified into four stages:  

1) Initial stage, before 1980. In the period most of the stoves used were 

traditional hand made ones, and are brick structure. Stoves used in this stage are 

associated with problems like large distance between wok and ground, large stove 

door and chamber, no grate and chimney, which usually resulted in large energy lost, 

and subsequently leaded to low efficient combustion and pollutant emissions. The 

thermal efficiencies of these traditional stoves were usually around 12%. 

2) Improve and deployment stage (1980s-mid 1990s). During the 1980s, the 

deployment of cookstove was included in the sixth �“Five-year�” plan in China, and by 

1990s, more than 0.2 billion stoves were deployed in rural area. In comparison with 

traditional stoves, the improved stoves had the optimization of stove chamber, the 

distance between wok and ground, installation of chimney and grate, optimized 

1980s-mid 1990s 

2005-now

Initial stage 

Improvement and 
deployment 

Technological innovation

Accelerated development 

 Traditional brick stoves, large 
chamber, without chimney and 
outdoor ventilation et al., 

 Heavy smoke, =~12% 

Before 1980 

Late 1990s-2005 

 Fuel-saving stoves with shorter 
distance, chimney and grate, 
optimized design of chamber et al., 

 Fuel and time saving, >20% 
 Improved stove-Kang structure 

 Straw gasification stove with direct 
connection between gasification furnace 
and stove.  

 Gasification stoves have problems of tar, 
waste water, and CO. The technology is 
undeveloped.  
 

 High efficiency low emission stove with 
secondary air supply 

 Standards on  and pollutant emissions 

 Rapid increase of stove factories 
and companies   

 Close and frequent international 
cooperation and deployment of 
stoves overseas 

 

 
Figure 3.5 the development of household stove in China (Zhang et al., 2008) 
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ventilation conditions et al., The installation of chimney would form a negative 

pressure in the chimney, which is favorable for the exhaust of smoke and improve 

indoor air quality (Hu et al., 2008). With higher chimney, higher negative pressure 

would increase the smoke rate and facilitate the burning. However, higher chimney 

would also result in larger heat lose, which should be noted in the installation of 

chimney. The thermal efficiencies of improved stoves are higher than 20% in general. 

The fuel-saving stoves could save fuel and time, are easier in use and clean. 

Meanwhile, in many areas in north China, improved stoves are connected to 

optimized kang structure.  

3) Technical innovation (late 1990s-2005). In this period, some straw 

gasification stoves came into use. These stoves connected the gasification furnace 

and stove directly, but because the gasification conditions can not be controlled and 

the supply and quality of gas vary dramatically which results in problems in stove 

adoption and safe use. It needs to treat tar, waste water and CO pollution in the use of 

this type of stove. Therefore, the stove should not be under large scale deployment 

before the development of technology. Another type of typical innovated stove is high 

efficiency low emission stoves, which have the secondary air supply from the top 

beside the primary air supply from the bottom. It is generally accepted that stoves 

with the following characteristics can be classified as �“high efficient low emission 

stove�”-thermal efficiency: > 35% for a cooking stove, > 60% for a cooking and 

heating stove and > 65% for a heating stove; smoke emission: < 50 mg/m3, SO2, 

NOx and CO emissions: <30 mg/m3, <150 mg/m3, and < 0.2%, respectively. Some 

widely used stoves include (Hao, 2009): 

 Cooking stove. Recently more than 500 thousand cooking stoves have been 

deployed in rural area. Two stove companies from China was rewarded �“Ashden 

renewable energy price�” in 2007 and 2009, respectively. The cooking stove can be 

typically classified into two types of natural ventilation and forced draught. It was 

reported that with a 3 w blower, the use of 1.2 kg fuels can evaporate 4.3 kg water. 

The burning efficiency can be high as 92% and thermal efficiency was 51.8%. With 
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natural draught, the use of 2 kg fuels can evaporate 4.65 kg water and the thermal 

efficiency can reach 44%.  

 Improved commercially fuel-saving stove. In the standard issued by MOE in 

1987, it is required that the thermal efficiency of a certified stove should be higher 

than 25%. In practice, some commercial fuel-saving stoves with secondary air supply 

and iron structure have thermal efficiency higher than 35%. More than 100 

thousands stoves of this type have been deployed in provinces like Yunnan, Guizhou 

and Sichuan. The stove can use a variety of fuels, which means the residents are not 

necessary to purchase fuels to suit the stove, and after the change, fuel consumption 

reduced.  

 Heating stove. About 40 thousands were deployed in the last several years. 

The heating stoves in north China can be heating only stoves, cooking-water heating 

stove, and cooking-water heating-smoke kang structure.  

 Boiler using compressed fuels. In the urban area, some enterprises with heat 

supply area between 400 and 20000 m2 can use the compressed fuels to replace 

coal in heating. The benefits are obvious, and there is a tendency in large scale 

uptake in cities like Beijing, Tianjin and Changchun. 

 

4) Accelerated development (2005-now). After 2005, there is a rapid increase 

in stove factories and companies. The production of some companies can be high as 

30 thousands per year. The R&D on stove technology has been fast promoted. 

Meanwhile, there are more and more international cooperation in forms of publicity, 

meeting and experience exchange activity.  

 

In the last several years, some institute in China designed and tested a variety of 

cookstove that can be used for the burning of compressed fuels or wood logs. Liu et 

al., (2009) designed a stove with one single wok and using pellets as fuel (Figure 

4.2-A), the test showed that the burning of fuel in this type stove is steady, and 
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thermal efficiency was 41.3%, the CO and NOx concentrations in smoke were 0.11% 

and 0.03%, respectively. The Ringelman black is less than 1.0. All tested parameters 

reach national standards. Wang et al., (2008) investigated the influencing factors on 

pelletized fuel burning in a specific burner (Figure 4.2-B). The results showed that the 

slagging rate was only 3.5% under the optimized excess air ratio of 1.5. The slagging 

rate increased with the raise of combustion temperature, the increase of excess air 

and increased fuel layer thickness. Some companies and university designed 

different types of cooking stoves that is aimed to be deployed in rural China. Fan et al., 

(2010) tested 3 different fuel stoves (Figure 4.2-C), and optimized the structure of 

stove after the test experiment. The results showed the thermal efficiency and 

pollutant emissions for these stove can achieve to the national standards, for example, 

the thermal efficiency of one stove was 35.6%, smoke and NOx concentrations were 

16 and 65 mg/m3, respectively, CO was 0.03% and excess air ratio was 1.78.  
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Figure 3.6 several examples of household stoves in test and under deployment in 
China 
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3.2.2 Influencing factors of cleaner fuel adoption 

There are a variety of subjective and objective factors affecting the uptake and 

sustainable use of cleaner fuels in rural household, including fuel and stove 

technology characteristics, policy and standards, market development, financial and 

subsidy, awareness and perception, and the support and emphasis from the local 

government, the publicity, after-sale service and so on.  

In most Chinese peer-reviewed literatures, they focused on the change of 

household energy consumption structure which showing the proportion of traditional 

solid fuels including wood, crop straw and coal, and relatively cleaner fuels like biogas, 

electricity, liquid petroleum gas (LPG) and solar energy. Among these studies, there 

were 15 policy analysis, 14 studies are qualitative analysis based on questionnaires 

and interview, and 13 studies are quantitative studies (Figure 3.3).  
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Figure 3.7 number of studies of different influencing factors affecting the energy 
choice in household consumption 
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4. Factors influencing cookstove uptake 
In the late 1990s, the deployment of improved fuel-saving stoves achieved very 

slow progress, and the main reason was that the adoption of these stoves put 

particular emphasis on thermal efficiency instead of the practicably (Peng, 1998). The 

problems included that 1) stove door was so small that which only small branches or 

straw can be inserted, 2) stove chamber was so small that fuels had to be inserted 

into the chamber in many times and the operator can not leave during the combustion 

processes, 3) complex flue pine that can easily stick down smoke and require a clean 

maintenance, 4) not convenient in use especially when it is necessary to boil water 

and cook food. It is suggested that by adding a grate, the stove may be suitable for 

the use of a variety of fuels, by adding a pot on the top, the residual heat may be used 

to heat water, by optimized design of height and position of wok, the stove may be 

more practicable.  

Although the deployment of fuel-saving cookstoves during the 1980-1990s 

achieved great success, most of the stoves currently used in rural area are built by 

the residents themselves, which heavily depends on the experience of the residents. 

The lacking of the technical specs and incomplete development of domestic 

cookstove market result in a variety of low quality stove in use (Guo, 2011). It is 

thought that the market development and stove technology characteristic were 

important factors affecting the large scale deployment of these new fuel-saving fuels 

in China. Liu et al., (2011) analyzed the status, problems and countermeasures for 

the deployment of high efficient low emission stoves in Shanxi province. In the study, 

no clear definition of �“high efficient low emission stove�” was provided. They indicated 

the key enablers included the fuel briquetting technology, the optimization and 

sustainable supply of stove and stove accessories, and also financial support from 

the local government. The results from 180 questionnaires in Henan province showed 

that the deployment and use of the improved fuel-saving stove was rough and 

out-of-order (Tang et al., 2011). The local government did not effectively guide the 

residents to adopt and use the improved stoves. Also, the lack of technical specs and 
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standardized management, no awareness and perception of energy saving and 

environmental protection, and indifference to the development of new technologies 

are reasons causing the unsatisfactory deployment status.  

Thus, factors affecting the deployment and sustainable use of new stoves 

identified in Chinese literature include:  

1) Stove technology. The design of commercial stoves should be good for the 

efficient burning and convenient use. For the self built brick stoves, the stove quality 

affects the adoption and sustainable use obviously.  

2) Policy and standards. The development of regulation, legislation and 

standard is essential for the effective deployment, particularly the later. To ensure the 

quality of stoves, exacting standards are necessary.  

3) Market development. As identified in one study, the development of market 

supplies the stove and accessories continuously.  

4) Tax and financial support. Either the purchase of commercial stoves from 

the local market or self-built brick stoves in home requires additional expenditure. If 

the adoption can be support financially, the residents would be more willing to use the 

deployed stoves. 

5) Knowledge and perception. When it is realized the adoption can save fuels 

and benefit the environmental quality, the awareness of energy-saving and 

environment protection would promote the residents�’ adoption behaviors.  

6) Demonstration and management. This means the emphasis and encourage 

from the local government, especially the local leaders, advertisements on new 

stoves and advantage of adoption and demonstration of other users are important 

enablers of the stove deployment.  
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5. Factors affecting cleaner fuel adoption 
5.1 Household characteristics  

1) House structure and area. Liu et al., (2013), Zhang et al., (2011) and Wang 

et al., (2012) analyzed the influence of house structure and area on energy 

consumption. The study by Zhang et al., (2011) was conducted based on the 

investigated data from 9 provinces including Jiangsu, Guangdong and Liaoning in 

East China, Heilongjiang, Jiangxi and Shanxi in Middle China, and Guangxi, Shaanxi 

and Guizhou in West China. They found that in comparison with the family living in 

houses of brick-wood structure, those who live in concrete structures prefer to use 

cleaner high-quality energies like electricity and solar energy, and the chance of using 

cleaner high-quality energies increased by about 5.67%. The chance would also 

increase by about 0.01% with per 1 m2 increase of house area. Liu et al., (2013) 

found that in the western Hunan province, firewood was the main household energy 

in adobe structure, contributing 72% of household energy consumption, coal briquette 

and LPG were main energies in brick-wood structure comprising up to 57 and 21% of 

total household energy consumption, and in concrete structure the consumption of 

LPG and coal briquette contributed over 48 and 32%, respectively. To a great extent, 

the difference in household structure is the difference in family income. With the 

increase of house income, it is believed that more and more residents would be 

overhauled, and in new house some modern living appliances like modern stoves and 

electrical equipments would be equipped, and thus the consumption of cleaner 

high-quality energies such as electricity and LPG would increase.  

2) Location. The influence of house location is the main reason for the 

availability and accessibility of various fuels (Gao, 2009, Chen and Zheng, 2009; Wu 

et al., 2012; Qiao, 2010, Wang et al., 2007). In most inconvenient remote area, the 

consumption of traditional fuels like firewood are very large while a high price and the 

difficult in the transport of cleaner fuels like coal briquette and LPG prevent the use of 

these fuels in daily lives. In these areas, the development of biogas might be an 
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alternative if the location was good for the biogas development (more detailed 

discussion on factors affecting biogas uptake is in the next section). 

3) House income. The influence of house income is significant (Cai and Zhang, 

2006; Chen and Zheng, 2009; Wu et al., 2012; Zhou et al., 2009; Fei and Yu, 2011). It 

was found that among various influencing factors, the marginal utility of house income 

is the most significant (Zhang et al., 2011). Generally, the adoption of cleaner 

high-quality fuels increases with the increase of house income. In practice, it was 

found that that consumption of electricity increased significantly with the increase of 

house income (Wang and Hu, 2010; Feng and Wang, 1996.The relationship between 

biogas consumption and house income is non-linear, usually in the form of quadratic 

curve that is the adoption willing increased with the increase of house income in the 

beginning, but after a critical value, the consumption decreases with the income 

increase as the residents may be preferable to use other cleaner commercial fuels 

like LPG (Wu et al., 2012).  

In the Expanded Linear Expenditure System (ELES) model, the marginal 

propensity to consume (MPC, ) can be used to suggest how the residents would 

arrange the income on different fuels after the basic consumption need was met. A 

lower  value may indicate a higher tendency to adopt the fuel. Zhang and Niu 

reported that, with per 1 RMB increase of income per capita, there would be 0.044 

and 0.065 RMB used for household energy for urban and rural residents, respectively 

(Figure 5.1). For urban residents, the MPC of coal is negative suggesting the 

reduction in coal use after income increase. Both results from urban and rural areas 

showed that with income increase, there would be clear tendencies in the use of 

clean commercial fuels in household energy consumption. The study by Zhang et al., 

(2010) based on the survey in Fujiain, Jiangxi, Zhejiang, Anhui, Hunan, Shandong, 

Liaoning and Yunnan showed that most households use 2 or 3 different fuels 

simultaneously. With per 1 RMB increase in house income per capita, there would be 

0.0710-0.1557 used for household energy consumption. The MPC of household 

energy decreased among groups with increased house income (Figure 5.2). It again 
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clearly showed that with the increase of house income, the use of cleaner fuels like 

biogas and electricity is preferable.  
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Figure 5.1 the marginal propensity to consume (MPC) of different fuels in urban and 
rural residents with one income increase per capita. Data are extracted from Zhang 
and Niu (2013) based on a field survey in Gansu and Ningxia provinces. 
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Figure 5.2 the marginal propensity to consume (MPC) of different fuels in among 
households with different income levels. The households are classified into four 
categories with per capita annual income at <1000, 1000-3000, 3000-5000, and >5000 
RMB. 
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The indexes of economy, convenience, comfort and environment-friendly of 

different fuels differ obviously. Generally, LPG and electricity are expensive than 

biogas (economic index). Traditional biofuels like crop straw and wood are not as 

convenient as LPG and electricity (convenience index). The use of LPG, electricity 

and biogas is comfortable compared to the use of traditional solid fuels (comfort 

index). And, biogas, LPG and electricity are better for cleaner environmental quality 

than solid fuels (environmental index). For low-income residents, they may pay more 

attention to the economic cost of different fuels. With the increase of house income, 

the residents would prefer to use comfortable and environment-friendly fuels (Lu and 

Lu, 2006). It is noted that the household energy consumption structure may not 

change immediately after the increase of house income, particularly in low-income 

households. It is realized that with more house income, the priority choice of rural 

resident is not to change the fuels used in daily lives, only when the house income 

increased significantly, sometimes higher than a critical value, the residents would be 

willing to adopt new cleaner fuels for daily cooking and heating (Li et al., 2011).  

4) Family size, gender and age. The family size, age and gender of members 

also have direct or indirect impacts on the fuel adoption. The old may be preferable to 

use traditional solid fuels (Wu et al., 2012; Wang et al., 2012). With a large family size, 

there would be enough labors for the development of some cleaner fuels like biogas. 

Because of the scale effect, the energy consumption per person usually decreases 

with the increased number of family member. In addition, the investigate study by Fei 

and Yu (2011) also showed that the female are more willing to change to the cleaner 

high-quality fuels in comparison with the male. 

 

5.2 Knowledge and perception 

The knowledge and awareness of the characteristics of cleaner fuels and 

perception of environmental protection and energy-saving affect the adoption 

behavior obviously. A field study in Fujian province found that the local residents are 
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willing to adopt cleaner high-quality fuels, but they know little about these fuels (Liu et 

al., 2013). Wang et al., (2011) indicated that limited knowledge about cleaner fuels 

and stoves is an important barrier in the deployment and sustainable use. Only 72% 

households use fuel-saving stoves, of which 45% use for about 1-5 year and only 

28% use the stove for more than 10 years.  

Education level is an important factor affecting the knowledge and perception 

(Wu et al., 2012; Yang et al., 2009; Fei and Yu, 2011; Wang et al., 2012; Liang et al., 

2012; Yu, 2007). In general, people with relatively high education level prefer to use 

cleaner high-quality fuels, and reduce the consumptions of traditional solid fuels. 

Based on a field survey in 9 provinces, Zhang et al., (2011) found that the chance of 

cleaner high-quality fuel adoption would increase by 0.66% with one more year 

education. Wu et al., (2012)�’s study in rural Hebei found that the use of biogas 

increased significantly with the increase of education level. Yang et al., (2009) in 

Fujian also found that the household using solar energy positively correlated the 

residents�’ education level. However, in a study in Zhejiang and Shaanxi, Wu et al., 

(2012) reported an insignificant impact of education level on household energy choice. 

In their study, most significant factors affecting the household energy choice were 

income, year distribution of family member and livestock-breeding. 

 

5.3 Fuel technology 

The characteristics of fuel include fuel supply and price, convenience, and 

impacts on air quality in use. The importance of fuel characteristics affecting the 

adoption was mentioned in 24 studies. Lou et al., (2008) pointed out that in Sichuan 

the use of electricity is popular because of its convenience, cleanness, stable supply 

and the affordable price. The use of biogas can meet the household energy 

requirement and keep the environment clean, but without the policy and financial 

support from the government, the adoption willing of biogas may be low. In most area, 

especially remote areas, the cost of using natural gas is very high, thus very scarce 
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use, meanwhile in these areas, coal is abundant and cheaper, and thus in wide use. 

Generally, low cost is the priority consideration of fuel choice. Residents prefer to use 

low cost, even free fuels. Beside the economic cost, the convenience of fuel use and 

benefits on air quality are also key factors in fuel choice consideration. LPG, electricity 

and biogas are convenient compared to coal, straw and wood. Also, these fuels 

produced much less pollutants than traditional solid fuels, that is, the adoption would 

benefit environment and human health, supporting the adoption behavior.  

In addition to the fuel characteristics, the supply and development of 

corresponding stoves also influenced the adoption and sustainable use significantly. 

In a study in Nanjing, Jiangsu, it was found that the development and deployment of 

coal and LPG stoves may promote the use of coal and LPG, respectively, but the 

development of stoves using electricity did not have negative effects on the 

consumption of traditional fuels, which is thought to be due to the fact that electrical 

stoves are mainly used for preparing a meal while the coal stoves are mostly used to 

boil water. There is no significant cross-impact of stove on fuel usage.  

 

5.4 Financial, tax and subsidy 

As mentioned above, the cost (direct and indirect) of fuel affects the deployment 

obviously. It is expected that with the financial support from the local government, the 

deployment would be promoted and developed effectively. The practice in many rural 

areas showed that through the programs of national debt, public facilities grants, loan 

from world blank and so on (Tian, 2013; Mo et al., 2010), there is rapid development 

of cleaner fuels after the investment. Based on the results from field survey and the 

binary choice model, Chen and Zheng (2009) pointed out that because of the lack of 

financial investment, the utilization of cleaner renewable fuels would increase 

significantly with more financial support from the government. The quantitative study 

by Zhou et al., (2009) in Jiangsu and Jilin also found that the chance of biogas 

adoption would increase 49% if there are financial support and subsidy from the local 
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government. In fact, to promote the development of biogas, the center government 

and ministries issued a series of financial support, tax and subsidy policy and started 

many programs in county and country. The investment on biogas development from 

the Chinese government was about 55.41 million RMB during the 9th five-year, 3.545 

billion RMB during the 10th five-year, 20.2 billion RMB during the 11th five-year and 

near 4.4 billion in 2011. The investment on the development of straw gasification and 

compressed biofuels in 2012 was about 213.43 million.  

 

5.5 Regulation, legislation and standards 

There are 7 studies suggesting the importance of policy including macro-policy 

and detailed regulation, and legislation during the deployment of cleaner high-quality 

fuels (Tian, 2013; Mo et al., 2010; Li et al., 2011; Wu, 2012, Zhou et al., 2010; Zhou et 

al., 2009; Liu et al., 2013). In addition, there are 4 papers calling for the development 

of standards of cleaner fuel and stove (Tian, 2013; Zhao, 2007; Wu et al., 2007; Wang 

et al., 2011). It was realized that the shortcomings in the current energy policies 

included the lacking of detailed rules for implication, limited policies on financial 

support and economic incentive, the lacking of innovation in research and quality 

assurance, and limited policy guidance on residents�’ adoption behaviors. The 

development of rural energy, especially the deployment of cleaner renewable fuels is 

one key point in the Chinese national energy policy system. The center government 

and provinces issued a series of regulations and legislations. It is urgently required to 

make detailed implication rules in the local area, moreover, the rules should in line 

with the local conditions.   

To control the qualities of fuels as well as corresponding stoves, so as to ensure 

the adoption and sustainable use, it is necessary to make a series of 

national/provincial standards on both fuels and stoves, like the measurement of stove 

thermal efficiency, biogas pool building technology, and the technical guideline and 

standards on the production of compressed biofuels. So far there are more than 70 
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standards covering the areas of the design of fuel-saving stove, the production and 

maintenance of cleaner fuels like biogas, biomass fuel, solar energy, and so on. 

These standards play important roles in the development of agricultural sector and 

household energy. 

 

5.6 Market development 

Industrialization of commercial cleaner energies and programs like CDM facilitate 

the development of rural energy in China. Tian (2013) analyzed that development 

status and future trend of Chinese rural energy, and pointed out that the development 

and industrialization process of biogas, biofuels and solar energy had achieved great 

success. Now in China, there are more than 5600 companies, of while these are 

hundreds of factories producing biogas stoves and accessories. The industrialization 

process has a very rapid development. Meanwhile, the CDM programs of rural biogas 

and cleaner biomass fuels and cookstoves also achieved successful results, and 

promoted the deployment of these fuels and cookstoves. 

 

5.7 Management, publicity and demonstration 

Without any doubt, the deployment of cleaner fuels and stoves, particularly new 

ones should be under the strong support of local government. With the emphasis of 

local government, especially the leader, the management, maintenance service and 

technical support will support and guarantee the fuel deployment. In addition to the 

emphasis from the local government, it is also very important and effective to give the 

publicity of cleaner fuels, and the adoption would be promoted after the 

demonstration from the around. Through the publicity and demonstration, the 

residents would have a deeper understanding of the new fuel and potential benefits 

after the adoption. Increased knowledge and perception of fuel-saving and 

environmental protection through the publicity and demonstration will generate the 
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passions and enthusiasm.  

 

5.8 Summary 
 

 
 
Table 5.1 Factors affecting the change of household energy consumption 

Factor Influence How does it influence 

Household structure + or - 
Concrete structure household prefer to use 
cleaner fuels and cookstoves, related to the 
economic condition 

Household location + or - 
Related to the abundance, accessibility and 

cost of different fuels 

House income + 
The chance of adoption increased after income 
increase 

Family size + 
Large size with enough labor that is good for 
the development of biogas, and also would 
improve energy utilization efficiency due to 
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Figure 5.3 Summarized factors affecting the adoption of cleaner high-quality fuels 
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scale effect 

The female + The female prefer to adopt cleaner fuels 

The old - The old are used to traditional fuels 

   

Knowledge and 
perception 

+ 
Knowledge and perception of new fuel 
characteristics and potential benefits would 
promote the adoption willing 

Education level + 
With high education level, it is easier to accept 
new things 

   

Tax and subsidy + To support the adoption and sustainable use 

   

Policy and regulations + 
Detailed rules and regulations which are 
appropriate for the local conditions 

Standards + 
To ensure the quality of both fuels and 
cookstoves 

   

Market development + 
the development of fuel and stove market 
which would promote the adoption and 
guarantee the  sustainable use 

   

Emphasis + 
The emphasis of the government, especially 
the leader would support the deployment 
program in many aspects  

Management and 
technical service  

+ 
To support the sustainable and high efficient 
use of cleaner fuels and cookstoves 

Publicity and 
demonstration 

+ 
The publicity and demonstration will increase 
the adoption enthusiasm  

 

Among the 87 peer-reviewed papers identified, over half studies analyzed the 

influencing factors in residents�’ fuel choice from traditional solid fuels to cleaner 

commercial ones like biogas, electricity, LPG. The total proportion of cleaner fuels is 
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usually analyzed as a whole index in most studies. 

The families living in concrete structure household prefer to use cleaner fuels 

which are thought to be related to the relatively high income compared with those in 

adobe and brick-wood structure household. The abundance and accessibility of fuels 

are determined, to a great extent, by the location. High price of cleaner fuels like LPG 

and natural gas in some remote areas may prevent their large scale deployment. The 

increase of house income would promote the change from traditional solid fuels to 

cleaner renewable fuels. The consumption of electricity is found to positively 

correlated with house income, while the consumption of biogas showed a positively 

correlation with income in low income period and a negative relationship in high 

income period which is explained by the fact that after a critical value of house income, 

the families using biogas would change to other cleaner renewable fuels like LPG. 

The size, age and gender distribution of family also affect the household energy 

consumption obviously. Generally, the old, the female and large size member families 

have more willing to adopt cleaner fuels.  

The knowledge and perception of residents affect their adoption behaviors 

significantly. The increase of knowledge on fuel characteristics and potential benefits 

would be good for the deployment and sustainable use. The knowledge and 

perception is more or less affected by the education level, publicity and 

demonstration results. 

Fuel characteristics including the economy, convenience, comfort and benefits 

for environment and human health are also important factors under consideration in 

the adoption process. For low income residents, the cost of fuel adoption is of prior 

concern, while for high income members, the convenience and comfort of cleaner 

new fuels are important.  

To promote the deployment of cleaner fuels, regulations, legislation, detailed 

rules and standards are necessary. The market development would facilitate the 

adoption and sustainable use, and more important, guarantee the supply of cleaner 

fuel, corresponding cookstove and accessories. In addition, it should strengthen the 
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role of local government. The deployment would achieve satisfied success under the 

emphasis and support of government, especially the leader, the technical service 

team and the publicity and demonstration of cleaner new fuels, which usually can 

increase the adoption enthusiasm. 
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6. Factors affecting biofuel development 
China is abundant of biomass fuels including crop straw, woody materials, plants 

and so on. It is estimated that the yield of crop straw in China is about 600 million 

tones, among which approximate 300 million tones can be used as the energy fuel. 

The available amount of woody material was about 900 million tones, and among it 

there was about 300 million tones can be used as the energy fuel. As such, the 

biomass fuel in China being used as the residential energy is about 500 million tones 

equivalent coal (tec), and would be about 1000 million in the coming years with the 

increased area of tree planting. The high efficient utilization of biomass fuels is of high 

importance in China, and the development of biogas, biomass briquettes and straw 

gasification are of priori consideration.  

 

6.1 Biogas 

As a cleaner fuel, the deployment of biogas has great perspective in China. By 

2005, there were over 1.8 million households using biogas, and the annual yield of 

biogas was about 7 billion m3. In the present study, we found 35 studies analyzing the 

key influencing factors in the deployment and sustainable use of biogas. Among them, 

6 studies conducted qualitative analysis based on the results from field 

questionnaires and interview, and 6 did quantitative analysis by using models like 

Probit, Logit analysis and binary choice model (Figure 6.1). The influencing factors 

affecting the biogas uptake include household location, house income, knowledge 

and perception, the supply and quality of raw material and gas, the policy and 

financial support from the government, and so on. 
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6.1.1 Household characteristics  

1) Location. The location of household, family size, the age and gender of family 

member, and house income are factors found to affect the adoption of biogas. The 

yield of biogas is highly influenced by the local climate conditions. Generally, the yield 

was positively correlated with local temperature (Wang et al., 2007), thus, the 

development of biogas may be only suitable in some areas with comfort natural 

conditions. Chen et al., (2009) pointed out that areas with 7-12 months having an 

average ground temperature (1.6 m height) higher than 10 0C are good for the 

development of biogas, areas with only 6 months having the ground temperature 

higher than 10 0C but having abundant solar energy are also suitable for the biogas 

development, while areas with less than 6 months having the ground temperature 

higher than 10 0C and lacking of enough solar energy resource might be not suitable 

 

Location 

H
ouse incom

e 

Fam
ily size 

Sex 

K
now

ledge/perception 

Education level 

Q
uality of pool

Supply of m
aterial 

Econom
ic cost 

Tax and subsidy

Policy, 
Regulation 
and 
legislation

Em
phasis of the governm

ent 

M
anagem

ent and technical 
service

Publicity and dem
onstration 

M
ass foundation

25 

20 

15 

10 

5 

0 

Qualitative 
17% 

Quantitative 
17% Case/policy 

56% 

St
ud

y 
nu

m
be

r 

 
Figure 6.1 Mentioned times of various factors affecting the adoption and sustainable 
use of biogas 
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for the development of biogas. 

2) Income. In term of the influence of house income, Lu and Liu (2006) found 

that households with home income per capita higher than 4000 RMB are preferable to 

use LPG, while those with per capita income less than 4000 RMB, the biogas is their 

prior choice if available, otherwise, they have to use traditional solid fuels like 

firewood and coal. It is found that in low income household, the residents are willing to 

adopt biogas, but in most high income household, they may tend to use cleaner fuels 

like LPG other than biogas if the problems of gas supply, maintenance of pool, and 

relatively short usage of biogas cannot be solved (Yang, 2011; Wang et al., 2007; 

Wang and Xin, 2007). By using the maximum likelihood regression analysis, Cui and 

Wang (2009) reported that the chance of biogas use will decrease 19% with per 1000 

RMB increase of house income. This is because after the increase of house income, 

most residents would prefer to use cleaner fuels like LPG other than biogas. As 

mentioned above, only for the low income residents who mainly used traditional solid 

fuels for cooking and heating, the increase of house income may promote the shift of 

traditional fuels to biogas. The turning point in such quadratic curve of house 

income-biogas usage relationship may vary in different areas.  
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Figure 6.2 the chance of biogas adoption with the increase of annual revenue per 
capita (left panel using data from Zhou et al., 2009), or annual income per household 
(right panel using data extracted from Wu et al., 2012). 
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3) Family size, age and gender. The influence of family size is mainly because 

the build and maintenance of biogas pool require extra labor. With many rural 

residents migrated into the urban area, and more and more residents went out for 

work, the maintenance of the biogas pool became a main barrier in the sustainable 

use of biogas. With much less labor in home, many households gave up the use of 

biogas (Liu and Jia, 2011; Cui and Wang, 2009). The study by Cui and Wang (2009) 

found that the chance of biogas use will decrease by 3.8% if the population going out 

for work increased 1%. Based on the field questionnaires and Logit analysis, Zhu and 

Zhao (2012) found that the female prefer to adopt biogas, and the old may be used to 

consume traditional solid fuels.   

 

6.1.2 Knowledge and perception 

The knowledge and awareness of biogas and potential benefits after use 

influence the adoption behaviors significantly. Among the papers analyzing 

influencing factors of biogas adoption, 51% indicated the importance of knowledge 

and perception on biogas adoption. Lacking of awareness is one important barrier 

preventing the biogas adoption and sustainable use. In most area, the awareness of 

biogas is still limited to the use for cooking, and the other usage of biogas and the 

utilization of biogas residue are not well known. In addition to the awareness of 

biogas characteristics and utilization ways, the perception of fuel-saving, 

environmental protection and human health protection also influenced the decision to 

adopt biogas (Zhu and Zhao, 2012). 

The knowledge and awareness of biogas, to some extent, is related to the 

educational level. It is in general that people with higher education level is easier to 

adopt new thing. Cui and Wang (2009) reported that the adoption willing of new 

cleaner fuels is higher in residents with higher education levels, moreover, these high 

education population are the young group who can act as essential labors for the 

building and maintenance of biogas generating pool. They found that the chance of 
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biogas use increase 10% when the accepted education level increased 1 year. 

However, in another analysis by Wang et al., (2007) based on the national statistical 

data, it is found that the influence of education level on biogas uptake is not significant, 

which was explained by the fact that the biogas technology is not new in China, and 

most residents in rural area can use the biogas stove, and even in some area, those 

who often operate and maintain the biogas pool are adults with large ages and low 

education levels. The difference between these two studies is thought to be due to a 

large number of populations going out for work after the receiving of high education. 

The education level in Wang et al., (2007)�’s study based on the national statistical 

data can not reflect the education level of groups living in the rural area. In summary, 

with the spreading of education in China, many people will go out for work outside or 

migrate into urban area after the receiving of high level education, which would result 

in the lack of labor in the build and maintenance of biogas pool and subsequently 

un-favor for the development of biogas. On the other hand, higher education 

residents living in rural area will be easier to accept new things and adopt biogas from 

the use of traditional solid fuels.  

 

6.1.3 Fuel characteristics 

The quality of biogas, continuous supply of raw material and gas, the quality and 

safe of biogas generating pool are factors of fuel characteristics affecting the adoption 

and sustainable use. Among identified studies, about 89% (30 ones) indicated the 

importance of fuel quality and continuous supply. Wang et al., (2005) showed that 

among various factors affecting biogas uptake, the most important ones were the 

biogas production rate, the price of alternative fuel like coal, the cost in pool building 

and raw material supply. Nowadays, the construction techniques of biogas pool are 

very simple. Low quality of pool is a key barrier affecting the sustainable use of biogas. 

Technical guideline must be made to ensure the quality of biogas generating pool. 

Another reason in the abandon of biogas is the lack of continuous supply of raw 

material, which directly affects the biogas production rate. Both studies by Zhu and 
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Zhao (2012) using field questionnaire results and Wang and Xin (2007) based on the 

data from statistical yearbook showed that the chance of biogas use in household 

with livestock farming was higher than those without livestock. With the decrease in 

livestock farming in most rural area which is related to the fact that many labors went 

out for work outside and the price of feed increased, the supply of raw material is an 

important problem for most residents in the development of biogas. Some areas are 

trying to use crop straw in the biogas production, but the alternative raw materials 

may face problems like difficulty in tap, acidification or basification of fermentation 

broth which affected the production rate and quality of biogas (Li et al., 2007; Gao, 

2011).  

 

6.1.4 Tax and subsidy 

Cost is needed to build and maintain the biogas generating pool. In most cases, 

the building of pool is supported financially by the local government, and the 

self-investment from the resident is very limited (Zhou et al., 2013). The financial 

support from the governmental is an important enabler in the development of biogas. 

The real practice showed that the lack of special funds and subsidies is one main 

reason causing the abandon of biogas in many areas. However, it is noted that only 

financial support from the local government is not sustainable. To promote the 

adoption and moreover to ensure the sustainable development of biogas, some areas 

developed the biogas program through the combined system of �“subsidy from the 

center government, special funds from the local government and self-financing�”. 

These programs often resulted in satisfied outcomes (Kang, 2009). Hu et al., (2008) 

reported that in Suining, Sichuan province, biogas is the main energy used for 

cooking (91%), bathing (32%), lighting (33%) and fat storage (27%), and more 

important, over 90% households are still using the biogas long after the adoption. In 

the area, only 23% household biogas pool was totally supported by the government, 

and there was 36% built by the residents themselves, and 41% households built the 

biogas generating pool under the combined support from government and 
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self-financing. Zhu and Zhao (2012) reported that the external funds were negatively 

correlated with the adoption willing, which might be explained by the fact that most 

residents are not ready to afford the national debt in order to switch traditional fuels to 

biogas. Thus, to promote the development of biogas, the financial support from the 

government should be in the form of special funds and subsidies instead of national 

debt.  

 

6.1.5 Planning and policy  

The planning, regulation and legislations that support and guide the development 

of biogas are important external factors (Kang, 2009; Zhou and Shu, 2007; Cui and 

Wang, 2009; Hu et al., 2008). The practice from Enshi county in Hunan province and 

Bayanzhuoer county in Inner Mongolia province suggests that a good plan and the 

guide of government under detailed regulations and rules are important factors in the 

development of biogas. In the planning and regulations, it is essential to form a 

profession technical service team. Also, the development of biogas should be 

combined well with other program and polices like the development of livestock 

industry and agriculture, the project of farm-city market basket program, and the 

creation of livable and healthy cities in China. It is also needed to consider the 

treatment of fermentation broth, which may be treated together with the organic waste 

water. The policy and detailed rules of biogas utilization vary in different areas. 

Different comprehensive utilization models can be under consideration and 

encouraged in real practice.  

 

6.1.6 Management, publicity and demonstration 

The emphasis of government, the management and service level of a 

professional team, and the publicity and demonstration effects can promote the 

adoption behavior. There are 6 papers raising the importance of governmental 

emphasis, 21 studies suggesting the need to improve management and service 
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ability by establishing a professional technical team, and 16 studies highlighting the 

role of publicity and demonstration.  

Without doubt, the emphasis of the local government, particular the leader in 

China is very important enabler for the deployment. Not only the policy and financial 

support became available under the emphasis, the professional technical team and 

market development that are required in the sustainable use of biogas after the 

adoption also need the support from the local government and officers. The building 

and maintenance of biogas generating pool require a professional team so as to 

ensure the quality of both pool and generated biogas. Whether there is a technical 

service team affects the residents�’ adoption obviously. Without technical support, the 

problems occurring in the use of biogas can not be solved in time, which 

subsequently would reduce chance in the sustainable use of biogas.  

Meanwhile, it is necessary to give the publicity of biogas so that the residents can 

know better about the characterization of biogas and also the benefits on 

environment and human health after the adoption, which would increase their 

adoption willing and enthusiasm. The demonstration from the around would set good 

examples of biogas utilization which can increase confidence in biogas adoption and 

bring the others participating into the adoption group.  

 

6.1.7 Summary 

Many external and internal factors can affect the adoption and sustainable use of 

biogas. The emphasis of government, a good planning, detailed rules and regulations 

beneficial to developing biogas, and a profession technical service team are all 

enablers to promote the development of biogas. By giving the publicity of biogas and 

demonstration of biogas utilization from the around, the knowledge and awareness of 

biogas and potential benefits after adoption would increase, and the confidence and 

enthusiasm will be inspired which would facilitate the adoption and sustainable use of 

biogas.  
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Financial support from the external is essential for the biogas deployment, but to 

ensure the sustainable use of biogas, a combination of governmental funds and 

self-financing may be a better choice. The financial support from the government 

should be in the form of special funds and subsides instead of debts since most 

residents are not willing to afford a debt in order to use biogas.  

The production rate and quality of biogas affect the adoption and sustainable use 

significantly. The development of biogas can be facilitated in some areas with 

favorable ground temperature and solar energy resource. The adoption willing may 

be higher in households with livestock feeding since it can get raw materials from the 

livestock.  

House income, family size, the age, gender and education level of family 

member, all affect the adoption behaviors directly or indirectly. In general, with the 

increase of income, the household used to consume traditional solid fuel will switch to 

biogas, but when the income continued to grow, they may switch to other cleaner 

fuels like LPG. Thus the influence of house income on biogas deployment might be 

either negative or positive depending on the house income level. The turning point 

varies in different areas. More populations go out for work outside will result in 

insufficient labor in the building and maintenance of biogas pool, thus unfavorable for 

the development of biogas in the area. The female in home are more willing to adopt 

biogas since they conducted the fuel burning activity and exposed directly to 

pollutants emitted directly in most time. With higher educational level, it is easier to 

accept new thing. So, it is expected that the deployment of biogas would be push 

forward with more people at home receiving higher education levels. It should be 

noted that the adoption can be promoted only when the education level of residents at 

home increased. A number of people go out for work after receiving of higher 

education will reduce labor in biogas pool maintenance, which as a result is not good 

for the sustainable use of biogas.  
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Figure 6.3 summarized quantitative results of biogas adoption influencing factors. 

The odd values larger than 1.0 suggest a positive influence. It can be found that the 
ground temperature has a positive impact on biogas uptake, while in the 
breadbasket area the development of biogas may be difficult because of abundant 
of biomass fuels. In the area where LPG was widely used, the deployment of 
biogas may also result unsuccessful results. The awareness of environmental 
protection, strong support and financial invective from local government, training 
courses and participate into association have positive impacts on biogas uptake. 
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Figure 6.3 Factors affecting the uptake of biogas 
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Figure 6.3 the influence of various factors (excluding income) affecting biogas 
adoption. Data shown are extracted odd values for different influencing factors 
identified in quantitative studies in Chinese literatures.  



 

41 
 

Table 6.1 Factors affecting the adoption and sustainable use of biogas 
 

Factor Influence  How does it influence? 

Location (climate condition) + or - 
Abundant solar energy resource and with at least 6 months having 

the ground temperature (1.6 m) higher than 10 oC 

House income + or - 

For low income households, increase of house income promote the 

switch to biogas from traditional solid fuels, but for high income 

households, the residents may switch to use LPG after the increase 

of house income 

Family size + 
Without enough labors to build and maintain the biogas generating 

pool, small family size is not good for biogas development 

The female + The female prefer to adopt biogas 

The old - The old are used to burn traditional solid fuels 

   

Knowledge and perception + 
Increased awareness and more knowledge of biogas and potential 

benefits may promote the adoption 

Education level + or - 

Higher education groups are easier to accept new things, which is 

good for biogas development. But, with more people going out for 

work after receiving higher education, the lack of labor for pool 

maintenance is not good for sustainable use 
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Pool quality + 
Simple construction technology and poor quality of pool result in 

wide abandon of biogas  

Livestock feeding + 
Livestock feeding can guarantee the supply of raw material for 

biogas production 

   

Tax and subsidies + 
Special funds and subsides in the building of pool and development 

of biogas 

National debt - Most residents are not willing to afford debt in order to use biogas 

   

Planning and policy + 
Beneficial planning and policy, and detailed rules and regulations 

can promote and ensure the deployment and sustainable use 

   

Emphasis + 
The emphasis of government, particular the leader is of prior 

importance in China 

Management and service team + 
A professional technical team that can solve problems in time and 

guarantee the sustainable use  

Publicity and demonstration + 
Good publicity and demonstration effects increase the adoption 

confidence and enthusiasm 



 

43 
 

6.2 Straw gasification  

To increase the comprehensive utilization efficiency of agricultural waste, to 

reduce the pollution induced by the agricultural waste, and also to improve the life 

quality of rural residents, the Chinese started to explore the use of straw gasification 

in rural area. After about ten years�’ efforts, there were more than one thousand 

gasification stations built by the local government during the 1990s. Through the 

pyrolysis and gasification processes, the utilization efficiency increases significantly 

after the straw gasification. Generally, the efficiency of direct burning of straw is 

15-20%, but the efficiency can be high as 35% in gasification.  

After the deployment of straw gasification, the cooking behaviors were found to 

be changed obviously after more free labor and less cooking time. With less 

incomplete pollutants emitted, the air quality is also improved significantly. In addition 

to the environmental benefit, the development of straw gasification can result in 

obvious economic benefits compared to the use of traditional raw straws. However, it 

is also noted that a variety of problems existing in the deployment and sustainable 

use of the straw gasification, like the quality and sate use of gas and gasification 

satiation, and the cost of operating a satiation.  

In Xuzhou, Jiangsu Province, straw gasification has been developed for a long 

time and achieved satisfied results since the economic conditions in the area are 

generally better than the other rural areas in China (Wang, 2005), moreover, the 

centralized distribution of rural households (very close to each other) is good for the 

development of large scale straw gasification. To ensure the sustainable use, it is 

suggested that the commercial market should be developed. Yin et al., (2012) pointed 

out that the development of straw gasification needs a large number of money 

investment and most of the current use is in the period of demonstration. This 

requires more efforts in strengthening in governmental management, training of 

facility use and maintenance, and efforts to develop good systems on the 

management of gasification station.    



 

44 
 

Table 6.2 Factors affecting the uptake of straw gasification 

 Factor How do the factor influence? 

1 Gas quality 
To solve the problem of low heating value and high tar 

content  

2 Financial investment Large investment in building the station 

3 Market development 
To form professional company and technical teams in 
charge of gas production and consumption 

4 
Regulation and 
standard 

Regulation, legislation and standards on the quality of 
gas and gasification station  

5 Management 
Strengthen the governmental management, promote 
the demonstration, and develop good management 
systems on gasification station 

 

6.3 Compressed biofuels 
Compressed biofuels (briquette or pellet) as an alternative for high efficient 

application of biomass fuels have arisen more and more attentions. Compressed 

biofuels usually have low densities and easier for transport and storage compared 

with the raw material. The burning efficiency of compressed biofuels is generally 

higher than that for the raw material, and subsequent, lower incomplete combustion 

pollutants emitted. In China, the use of compressed biofuels is still in the pilot. Among 

the 87 identified studies, 3 papers analyzed that status, problems and suggested 

countermeasures in the deployment of compressed biofuels in China (Liu, 2007; Ma 

et al., 2010; Yang et al., 2006). Yang et al., (2006) discussed the status and problems 

in the development of straw briquetting technologies and large scale production. Liu 

(2007) and Ma et al., (2010) analyzed the problems in the deployment of compressed 

biofuels and main influencing factors based on the results from questionnaires and 

interview.  

Yang et al., (2006) pointed out that the adoption and sustainable use of 

compressed biofuels may face the barriers of 1) investment foundation and prices of 

fuel and fuel materials, 2) management, 3) favorable policy and tax, and 4) publicity 
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and awareness of the relatively new fuel types. Most residents can not afford 

relatively high price of compressed fuels. The operation and maintenance of 

compressing machines lacks professional teams. And so far, there is no good policy 

and economic incentive systems which are favor for the large scale deployment of 

compressed biofuels. Also, the publicity and awareness of these relatively new fuels 

is still very limited which to some extent prevent the residents�’ adoption.  

Based on the field survey results, Liu et al., (2007) found that the collection and 

pre-treatment of raw materials for the production of compressed biofuels are 

important factors affecting the large scale uptake of compressed biofuels. The 

mechanization of material collection would be sped up. The price and availability of 

alternative fuels influence the choice of compressed fuels obviously. About 45% 

residents are willing to consider use compressed biofuels only when the price of coal 

is higher than that of compressed biofuels. They also suggested that the technology 

and cost of compressed fuels are key factors affecting the deployment. With the 

improvement of technology and subsequent higher production and lower cost, which 

should be in the affordable range of rural residents, the large scale uptake of 

compressed biofuels would be achieved. The study by Ma et al., (2010) in Henan 

area also showed that factors affecting the adoption of compressed fuels included the 

collection of raw materials, the price of compressed biofuels and alternative fuels 

(about 72% residents may chose to use the compressed biofuels when the price is 

lower than coal), the financial and policy support from the local government, and the 

awareness and perception of environmental protection and benefits after the fuel 

deployment.  

Thus, it can be found that factors affecting the adoption of compressed biofuels 

in household include the perception of residents, household income, the continuous 

supply of compressed biofuels, the price of fuel and alternative fuels, policy, tax and 

subsidy favor for the deployment of compressed biofuels, and the publicity and 

demonstration of these relatively new fuel types.  
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Table 6.3 Factors affecting the deployment of compressed biofuels  
 Factor How does it influence?  

1 Household income 
Increase the household incoming so that 
the residents can afford the new fuels 

2 
Knowledge and 
perception 

Awareness of energy-saving and 
environmental protection would promote 
adoption 

3 Fuel technology 

Include the supply of raw material, the 
production of compressed biofuels, the 
price of compressed biofuels and 
alternative fuels 

4 Favorable policy 
Detailed, operable policies should be 
conducted to promote the development of 
fuels and stoves 

5 Tax and subsidy 
Effective economic incentive should be 
given to the fuel production companies and 
fuel use residents 

6 Management 
Emphasis of local government and leaders, 
publicity and demonstration of new fuels 
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7. Summary and research needs 1 

7.1 Influence factors  2 

Residential combustions of traditional solid fuels like crop straw, firewood and 3 

coals, usually have low efficiency, high pollutant emission and subsequently affect the 4 

air quality and human health significantly. The pollutant emissions also influence the 5 

local/regional climate change and social-economic development directly or indirectly. 6 

The deployment of cleaner fuels and cookstoves is good for environmental protection 7 

and human health. The present study based on a systematic search of Chinese 8 

peer-reviewed literatures, analyzed factors affecting the adoption and sustainable use 9 

of cleaner fuels and cookstoves in China. These influencing factors are either 10 

subjective or objective. Key influencing factors include the fuel and stove 11 

technologies like thermal efficiency and convenience; the regulation, legislation and 12 

standards; the development of stove and accessory market; financial, tax and subsidy 13 

support; the knowledge and perception of environmental protection, fuel-saving and 14 

also characteristics of fuel/stove, and more important, the emphasis of local 15 

government, particularly the leader and publicity and demonstration of relatively new 16 

cleaner fuels and stoves.  17 

7.1.1 Development and influencing factors on stove uptake 18 

The development of household stove in China can be classified into four stages: 19 

1) initial stage before 1980, 2) improvement and deployment stage between 1980s 20 

and mid 1990s, 3) technical innovation between late 1990s and 2005, and 4) 21 

accelerated development stage after 2005.  22 

In the late 1990s, the deployment of improved fuel-saving stoves achieved very 23 

slow progress, and the main reason was that the adoption of these stoves is lopsided 24 

on thermal efficiency without enough emphasis on the practicably. The problems 25 

included that 1) stove door was so small that which only small branches or straw can 26 

be inserted, 2) stove chamber was so small that fuels had to be inserted into the 27 
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chamber in many times and the operator can not leave during the combustion 28 

processes, 3) complex flue pine that can easily stick down smoke and require a clean 29 

maintenance, 4) not convenient in use especially when it is necessary to boil water 30 

and cook food. 31 

Some straw gasification stoves came into use between the late 1990 and early 32 

2000s. These stoves connected the gasification furnace and stove directly, but 33 

because the gasification conditions can not be controlled and the supply and quality 34 

of gas vary dramatically which results in problems in stove adoption and safe use. It 35 

needs to treat tar, waste water and CO pollution in the use of this type of stove. 36 

Therefore, the stove should not be under large scale deployment before the 37 

development of technology. Another type of typical innovated stove is high efficiency 38 

low emission stoves, which have the secondary air supply from the top beside the 39 

primary air supply from the bottom. It is generally accepted that stoves with the 40 

following characteristics can be classified as �“high efficient low emission 41 

stove�”-thermal efficiency: > 35% for a cooking stove, > 60% for a cooking and heating 42 

stove and > 65% for a heating stove; smoke emission: < 50 mg/m3, SO2, NOx and CO 43 

emissions: <30 mg/m3, <150 mg/m3, and < 0.2%, respectively.  44 

Factors affecting the uptake and sustainable use of stove include the stove 45 

technology such as thermal efficiency and operation convenience, regulation, 46 

legislation and standards on stove and accessories, market development, financial 47 

support include tax and subsidies, the awareness and knowledge on stove and 48 

environmental protection, as well as the effects of publicity and demonstration. With 49 

rapid increase in stove factories and companies, the production ability of some stove 50 

companies can reach 30 thousands per year. The R&D of stove technology has be 51 

facilitated, and with more international cooperation and communication, the fast and 52 

large scale deployment of cleaner stoves for cooking and/or heating could be 53 

expected. 54 



 

 
 

49

7.1.2 Factors affecting cleaner fuel adoption 55 

The adoption and sustainable use of cleaner fuels could be affected by a variety 56 

of factors. Usually, residents living in concrete households prefer to use cleaner fuels 57 

like electricity, LPG and solar energy, which is associated with their relatively high 58 

income level. In the remote area, the higher price of cleaner commercial fuels 59 

prevents the adoption and sustainable use. So, in addition to the external influence of 60 

location, the increase of household income is an effective way towards the choice of 61 

cleaner high quality fuels. The family size, age and gender of family member also 62 

affected the adoption of cleaner fuels. It is widely accepted that the knowledge and 63 

perception of residents and the awareness of fuel characteristics and environmental 64 

protection influenced the adoption behaviors significantly. The emphasis of local 65 

government is very important, not only in China but also other developing countries. 66 

Under the emphasis, the good management systems and professional technical 67 

support teams can be available. Also, it is essential and important to make regulation, 68 

legislation and tax and subsidy that are favorable for the development of cleaner fuels 69 

and stoves. The market development of commercial fuel and stove is necessary.  70 

About biogas, it is important to have a good planning and make support policies 71 

and detailed measures favorable for the development of biogas with the emphasis of 72 

local government. The deployment and sustainable use of biogas require the 73 

guarantee of high quality biogas generating pool, and a professional operation and 74 

maintenance technical team. To give the publicity of biogas characteristics and 75 

benefits after the adoption, and increase the residents�’ awareness through the 76 

publicity and demonstration from the around would be good for the biogas 77 

deployment. In the development of biogas, it is once mentioned that the financial 78 

support from the government should be in the form of subsidy instead of national debt, 79 

since most residents are not used to afford a debt in the daily lives. The combination 80 

of governmental subsidy and self-financing may be a choice for the sustainable 81 

development of biogas in rural area. 82 
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In term of straw gasification which came into view from the 1980s, there were 83 

several thousands of gasification stations built under the sponsor of local government. 84 

The deployment of straw gasification achieved successful social, economical as well 85 

as environmental outcomes, but also faced problems like the quality of gas and gas 86 

station, the safe use of gas, and relatively high cost in the operation and maintenance 87 

of station. It was identified that key factors affecting the deployment and sustainable 88 

use of straw gasification included the quality of gas (heating value and tar content), 89 

financial investment, market development, the development of standards on gas and 90 

station quality, and the management and service of government (emphasis, publicity 91 

and demonstration).   92 

Factors affecting the adoption and sustainable use of compressed biofuels 93 

include residents�’ knowledge and perception, house income, the supply of raw 94 

material, the price of compressed biofuels and alternative fuels, policy and 95 

regulations supporting the fuel use, tax and subsidy, emphasis of the government and 96 

the publicity and use demonstration. It would facilitate the adoption and sustainable 97 

use with the increase of house income and giving the publicity of fuel characteristics. 98 

As a new fuel type in pilot nowadays, there is an urgent need to conduct more 99 

researches on the briquetting technologies and stoves that go with the compressed 100 

biofuels. Detailed rules and regulations, financial, tax and subsidy supports are 101 

needed to ensure the continuous supply of raw material. With the development of 102 

market, the deployment of compressed biofuels is expected to be promoted with 103 

decreased cost.  104 

Thus so, factors affecting the adoption and sustainable use of cleaner fuels can 105 

be summarized as following:  106 

1) Fuel/stove technology. The burning and thermal efficiency, continuous 107 

supply, convenience and cost are critical factors affecting fuel adoption. For low 108 

income household, the cost of fuel is of prior concern, while for high income 109 

household, the convenience, comfort and benefits on environmental quality and 110 

human health are considered in the fuel choice. For biogas, the supply of raw material, 111 
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the quality of biogas generating pool and the quality of biogas affect its use 112 

significantly.  113 

2) Household and setting characteristics, including factors like family size, 114 

age, gender, household income, location and structure. Without doubt, the house 115 

income affects the adoption behavior significantly. With the increase of house income, 116 

it is possible for most residents to adopt cleaner commercial fuels so as to improve 117 

the living conditions. The consumption of biogas increases with the income increase 118 

at the very beginning, and after a critical value of house income, the biogas 119 

consumption decreased with the income increase. Most residents would change to 120 

other cleaner and renewable fuels like LPG. The peak value varies in different areas. 121 

The location and structure of household are also found to correlate with the fuel 122 

choice in some area. In families with concrete structure, people prefer to use cleaner 123 

commercial fuel, which is related to the relatively high income of the household. The 124 

influence of location is related to the abundance, accessibility and cost of different 125 

fuels. In most remote area, the commercial fuels like natural gas and LPG are 126 

expensive in comparison with nearly free biomass fuels and cheap coals. The 127 

development of biogas is also determined by the local conditions like ground 128 

temperature and solar energy resources. In terms of the size, age and gender of 129 

family members, the young prefer to use cleaner high-quality fuels while the old are 130 

used to traditional solid fuels in daily cooking and heating. Because of the scale effect, 131 

the fuel utilization efficiency is generally higher in large size family (4-5 members) 132 

compared to the family with less than 3 persons. In addition, with more people in 133 

home, there would be enough labors to use and maintenance the biogas pool so as to 134 

continuously support the biogas fuel. Compared to the male in family, the female are 135 

preferably to adopt cleaner new fuels since they, in most cases, conducted the 136 

cooking and heating activities in home, and thus expose directly to incomplete 137 

pollutants emitted from the domestic burning. Besides, changing to cleaner fuels with 138 

relatively high burning efficiency would reduce the total time spent, decrease fuel 139 

consumption amount and free the labor to do other works which additionally 140 
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increased the house income. 141 

3) Knowledge and perception. The knowledge and awareness about fuel 142 

characterization and potential benefits after adoption of residents are positively 143 

correlated with their adoption willing and enthusiasm. Through the publicity of new 144 

fuels and cookstoves, and through the demonstration from the around, there would 145 

be more and more residents know about these new fuels and cookstoves, and would 146 

participate into the adoption group. Generally, with a higher education level, it is 147 

easier to adopt new things, which means to use cleaner fuels and cookstoves in the 148 

present study. The education is spreading in China, which is good for the deployment. 149 

But it is also realized that more rural residents go to look for work elsewhere and 150 

migrate into the urban and big cities after graduation which to some extent is a limiting 151 

factor for the development of biogas in rural area since it requires relatively large 152 

labor to maintenance the gas production.  153 

4) Policy and regulations. The adoption would be promoted under the support 154 

of beneficiary macro-policy, detailed regulations and rules, It is important to decide 155 

distinct rules and regulations to different areas. 156 

5) Financial support. Through the ways of low tax and subsidy, financial support 157 

from the government would increase the adoption willing and more important at the 158 

very beginning facilitate the adoption behavior without the increase of residents�’ 159 

financial burden.  160 

6) Market development. It is important to guaranteeing the sustainable use of 161 

cleaner fuels and stoves after the adoption with a good development of fuel, stove as 162 

well as stove accessory market. The beneficiary policy will also facilitate the market 163 

development.  164 

7) Governmental support. The role of government is in particular important. The 165 

publicity, demonstration and after-sale services would increase the enthusiasm and 166 

willing in adoption. With the emphasis of government officers, a professional team 167 

would guarantee the service and technical support. 168 
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Figure 7.1 Factors affecting the adoption and sustainable use of cleaner fuels
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7.2 Research needs 

1) Studies on factors affecting adoption and evaluation of relative 

importance of different factors are still limited.  

After this literature review, we note there are some studies focusing on the 

factors affecting the uptake and sustainable use of cleaner fuels and stoves in China. 

However, such studies are still very limited, particular lacking of 

qualitative/quantitative studies based on the field survey and interpreted and explored 

the collected data with appropriate analysis models. So, more field studies are 

urgently required to identify key factors influencing the residents�’ adoption behaviors 

and how to ensure the sustainable use. Among a variety of cleaner high-quality fuels, 

the adoption of biogas is more concerned than the adoption of other fuels. In addition, 

factors affecting the adoption of cleaner cookstoves, or high efficient low emission 

improved stoves, are rarely studies. These should be paid attention in future study.  

Although some enablers and barriers were identified, it is realized that it is very 

difficult to identify the relative importance of these factors. It is hard to answer which 

factor is the most significant factor that should be paid more attention in the 

deployment campaign, even though this may vary in different areas. The temporal 

and spatial variance in the influence of these factors should be taken into 

consideration in the future study.  

2) The spatial and temporal variations of different fuel/stove combination in 

use are unclear. 

Nowadays, a variety of fuels and stoves come out. These stoves may be different 

only in the outlook, or optimized in both burning chamber design and outlook. It is 

necessary to investigate the situation of these fuel/stove combination in field, 

including how much are used, the change in fuel consumption and pollutant emission 

before and after adoption, and also the convenience and feedback from the user. 

Because of large variations in economical conditions in China, the adoption of cleaner 

fuels and stoves differs significantly among different areas, and also key enablers or 
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barriers may be different from site to site. The temporal and spatial variations should 

be taken into further consideration. 

3) Very few study on the test standards, real thermal efficiency and 

pollutant emission in laboratory or field.  

It appears that there is only a brief definition of high efficiency low emission stove 

now. In practice, it is hard to decide which stove can be classified as improved stove 

or kang. It is also noted that there are some differences in standard test methods 

between China and others like American test methods. How would such difference 

affect the evaluation of cookstove quality is unclear. In addition, the fuel consumption, 

thermal efficiency and pollutant emissions of various fuel/stove combination in field 

are rarely measured, although some were tested in laboratory. Since the difference 

between laboratory study and field measurement is clearly expected, it is strongly 

suggested to conduct more field tests on fuel consumption, burning efficiency, thermal 

efficiency and pollutant emissions in future study.  
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Appendix 
 
�  Author Year Title Research method Sample size Data analysis Main content and conclusions 

1 Tian YS. 2013 

The status of rural energy 

in 2012 and future trend 

in China  

�  �  �  

Analysis of the current status of 

energy development in rural 

China-planning and law, investment 

and subsidy, technical standard, 

market development and CDM 

program 

2 

Jiang SY, 

Sun SB, 

Chen Q. 

2008 

The investigation of the 

development of rural 

biogas construction in 

Anding district 

�  �  �  

Abundant crop straw fuel, the 

development of livestock feeding, 

several biogas utilization modes, and 

appropriate natural conditions are 

good for the biogas development 

 

Strengthen the leadership, increase the 

investment, and technical guide, form 

management and service team 

3 Kang HX. 2009 

The rural biogas 

construction present 

situation and 

development trend of 

trends in BaYanZhuoEr 

�  �  �  

Deployed in the program under the 

combined support from the 

government and self-financing  

 

Do a good planning, promote 
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city deployment in programs, start in 

several pilots and then expand 

4 Gao GL. 2009 

Rural residential energy 

consumption structure 

analysis in BaiYin district

Interview and 

questionnaires 
�  �  

Positively correlated with location and 

economic conditions. The 

consumptions of commercial cleaner 

fuels are higher in areas with 

convenient transport and good 

economic conditions 

5 

Mo GS 

and Peng 

Y. 

2010 

Protection of the three 

gorges reservoir area 

ecological environment, 

Accelerate the 

development of rural 

energy 

�  �  �  

Programs of public facilities grants, 

national debts, loan from world bank 

Give publicity through feature film, 

TV and radio programs and 

demonstration of fuel adoption 

Enhance the guideline of government 

to promote biogas development 

Increase the financial investment and 

subsidy to inspire the adoption 

enthusiasm 

Scientific and good planning of county 

and biogas development 

Form a professional service team 
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6 

Wang 

YM, Lin 

RH, and 

Bai ZM. 

2005 

The economic evaluation 

of  "The trinity" biogas 

ecological model in the 

north 

�  �  �  

Significant factors include the 

production rate of biogas, price of 

coal, the livestock feeding, the price in 

pool building (material and labor) 

7 

Zhang X. 

and Niu 

SW. 

2013 

Empirical analysis of 

energy consumption 

demand in urban and 

rural households 

Questionnaires 

and interview 
820 

Expanded Linear 

Expenditure 

System (ELES) 

When house income increased 1 RMB, 

there would be 0.044 used for 

residential energy in urban and 0.065 

in rural area, respectively 

 

The coefficient of elasticity in income 

less than 1, indicating a small 

influence of house income on 

residential energy consumption 

8 

Zhou JQ, 

Sun W, 

and Li Y. 

2013 

Feasibility Study for the 

Industrialization of rural 

Energy in Henan under 

the Urbanization Sight 

�  �  �  

Main barriers: simple pool building 

technology, unsteady gas production, 

low self-financing, the lack of 

professional technical team and lack of 

pool maintenance  

9 

Luo HL, 

Liu YL, 

and Li 

RR. 

2008 

The present situation and 

development 

countermeasures of rural 

renewable energy, A Case 

of Jinghong ounty in 

Yunnan province 

Field survey and 

questionnaires 
�  �  

Solar energy: simple and single 

utilization, high failure affecting the 

adoption enthusiasm  

 

Biogas: lack of knowledge and 

awareness, without technical support 
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and good management, lack of 

financial support 

 

Suggestions: publicity, encourage to 

develop new energies like wind energy 

and solar energy, innovation in 

technology development, the 

production-study-research 

combination  

10 

Li W, 

Wang D, 

Li SC. 

2011 

Development policy of 

new energy industry in 

countryside based on 

low-carbon economy 

�  �  �  

Deficiency in energy policy: 1 lack of 

detailed rules and corresponding 

policy; 2) incentive limited; 3) 

innovation in research and quality 

assurance; 4) guide to adopt new fuels 

11 

Hu C, Hu 

B, Li H, et 

al., 

2008 

The investigation and 

thinking of household 

Methane gas in the 

construction of new rural 

energy problem in 

Suining city 

Questionnaires and 

in-depth interview 
250 �  

Suggestion: 1) combine the 

development of biogas and livestock 

feeding; 2) financial support from 

different aspects; 3) more support in 

research; 4) improve the 

comprehensive utilization; 5) good 

management system 

12 

Zhou G, 

and Shu 

CQ. 

2007 

The discuss on Enshi 

rural biogas energy 

promotion strategy 

�  �  �  

Advantage: suitable climate condition, 

technical support, social roots, the 

strategy of ecological county, the 
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strategy of sustainable development 

 

Innovations in perception, planning, 

technology, financial investment, 

policy and service 

13 Jiao R.  2012 

Development of biogas 

clean energy, Change the 

rural residential 

environment 

�  �  �  

Problems: less sustainable use and few 

comprehensive utilization 

 

Suggestion: publicity, demonstration, 

training, ensure the quality of pool, 

develop the comprehensive utilization 

and improve follow-up service 

14 Ning S.  2009 

Biogas development is 

the inevitable choice of 

the new rural 

construction 

�  �  �  

The leader paid high attention to the 

biogas development, give the 

publicity, give financial support, 

enhance the training, do a good 

planning and several good 

demonstration pilots, follow-up 

management and service 

15 

Liu YC, 

Guo YF, 

Liu F. 

2011 

Stoves improvement and 

indoor air pollution 

abatement in rural area in 

China 

Field measurement  
SPSS, wilcoxon 

test 

Indoor CO and SO2 decreased by 38 

and 61%, respectively 

 

Personal exposure SO2 decreased 30% 
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Coal consumption decreased from 

0.83-0.88 to 0.50-0.53 kg/h and 

thermal efficiency improved from 8.2 

to 25% 

16 

Liu Y, Ye 

Y, Yang C, 

et al., 

2013 

Study on the satisfaction 

and the current situation 

of health stove use in 

Gulan county 

Face to face 

interview 
780 

Epitats and 

SPSS analysis 

42% households did not participate 

into the adoption program because no 

subsidy from the government, 7% 

because poor economic conditions,  

 

30% gave up the use after the 

adoption, 16% used both improved 

and old stoves in mixture and 14% 

only use old stoves 

 

58% of stoves were in destroy, only 

25% cleaned regularly, 44% clean the 

stove when backed and 26% did not 

clean  

 

The main reason for abandon is no 

new accessories (21%), followed by 

inconvenient use (21%), can not meet 

the need of cooking (18%) and waste 

of coal (13%) 
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17 

Yun F, 

Gao F, 

Wang K. 

1992 

The cause and 

countermeasures of  the 

biogas slow development 

in Hebei province rural 

�  �  �  

Lower gas production rate, difficulty 

in tap, and only available in 6 months 

prevent the adoption 

 

Suggestion: modern new technology, 

pilot demonstration, technical service 

team and self-financing by residents in 

pool building  

 

18 

Wang J, 

Ning X, 

Zhao M, 

et al., 

2011 

The Status and Analysis 

of Rural Household 

Energy Consumption in 

Henan Province 

Interview and 

panel discussion 
540 �  

Main barriers: awareness of the 

importance and high prices of 

coal-saving stove 

 

Suggestion: policy, research and 

publicity 

�  

19 

Wang Y, 

Xia P, Fei 

Z. 

2012 

Biogas construction 

theory and the practice 

question in Jixi, 

heilongjiang province 

�  �  �  

Lack of awareness and perception; 

Simple utilization; insufficient 

investment; simple and crude pool 

building, high abandon percent, lack 

of suitable systems 

 

Suggestion: publicity, training; 

innovation; financial support 
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20 Xu H.  2007 

The construction present 

situation and 

development prospect 

thinking of rural biogas in 

Hohhot City 

�  �  �  

 

Problems: knowledge and awareness; 

less pilots; lacking of financial support 

in research and deployment; utilization 

of biogas residue; no professional 

technical team 

 

21 

Tang JH, 

Chen KJ, 

and Chen 

T. 

2009 

The promotion present 

situation and 

development Suggestions 

of save wood and coal 

stoves in Hubei province 

rural 

Questionnaires  �  �  

Biogas use is affected by natural 

conditions, varies in seasonality; 

cannot meet the need during the 

festival  

 

Problems in deployment of fuel-saving 

stoves: technology, research, standard, 

regulations and market development 

 

22 

Li W, Xue 

H, Wang 

J, et al., 

2007 

Investigation on Energy 

Mode of Rucheng County 

and Biogas Industry 

Developing 

Countermeasures in 

South China 

�  �  �  

Problems in biogas use: raw material 

supply and livestock feeding; 

difficulty in tap, quality of biogas pool 

 

Suggestion: technology innovation in 

pool building, improve the gas 

production rate, for a good 



 

 
 

75

management and technical service 

team, publicity 

 

23 

Guo X., 

Wang R, 

Wu JY, et 

al., 

2000 

Analysis of present 

situation of lowering 

fluoride stove�’s 

utilization in coal smoke 

fluorosis areas in Hunan 

province 

Indoor survey  �  �  

Only 50% stoves are in good condition 

after a long period use, and in some 

counties, almost all were in destroy 

High destroy rate in accessories  

24 

Wang R, 

Jiang A, 

Li N, et 

al., 

2007 

Research on Current 

Energy Sources 

Utilization in Desert 

Areas 

Questionnaires, 

interview and 

observation 

�  �  

Influencing factors: location, habits, 

economic conditions and stove 

technology 

25 

Wu L, 

Zeng Q., 

Li W, et 

al., 

2007 

The research of Jinan 

rural life energy 

consumption structure 

Semi-structural 

interview 
250 

Participatory 

rural assessment 

(PRA) 

Energy consumption positively 

correlated with income per capita 

Many peole know about biogas, but 

only 9.1% adopted under the support 

of government 

 

Only 9 and 4% use energy-saving coal 

and wood stoves, though 64 and 82% 

heared about the improved stoves- 

because the deployment was during 

the 1980s-1990s, after that many 
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residents did not know about the 

improved stoves 

 

Suggestion: publicity, center heating 

system; innovation in technology; 

market development  

26 Gao Z.  2011 

The thought and 

countermeasures  of 

accelerate rural biogas 

development 

�  �  �  

Problems: publicity, poor pool quality, 

lack of raw material; no professional 

team; follow-up service; investment; 

comprehensive utilization 

 

Countermeasures: publicity, safe 

operate, technology support, 

demonstration and pilot; investment 

and promote comprehensive utilization  

27 

Niu Y, Niu 

S., Zhang 

X. et al., 

2013 

Policy options on fuel 

use, energy conservation 

and emission reduction in 

household sector 

Questionnaires  820 �  

With the development of economic 

conditions, the household energy tend 

to switch to cleaner commercial fuels 

 

The increase of income will result in 

demand of high quality fuel 

28 

Zhou S, 

Cui Q, 

Wang C. 

2009 

Regional Disparities and 

Infuencing Factors of 

Rural Household Energy 

Questionnaires and 

interview 
500 

Multi-linear 

regression model

Per capita consumption: the 

consumption of commercial energy 

increased with the increase of house 
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Consumption�—A Case 

Study of Jiangsu and Jilin 

provinces 

income, housing area, family size 

 

Biogas adoption: increased with the 

increase of income before 9217 RMB, 

and decreased after that, switching to 

LPG; the chance increased 18% with 

one more livestock; 10.9% with 1 year 

increased education 

 

External factors: tax and subsidy, 

increase the use of biogas 49% 

 

29 Wang X. 2012 

Household energy 

consumption research in 

Jiangsu rural 

Questionnaires  2835 
SPSS statistical 

analysis  

With the increase of house income, 

energy consumption per capita 

decreased 

30 

Xu Y., 

Chen J., 

Chen M. 

2013 

Economic Benefit 

Evaluation for Rural 

Household Biogas in the 

Central Area of Jiangsu 

�  �  �  

The proportion of commercial energy 

increase with the development of 

economy, and biogas may became less 

important 

 

Lack of raw material from livestock 

feeding, people going out for work and 

difficulty in tap and maintenance are 

barriers in biogas development 
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Countermeasures: comprehensive 

utilization; tax and policy; 

combination with pollution control 

 

31 Wang X. 1994 

Survey and Analysis of 

Rural household Energy 

consumption at 

Yangzhong County in 

Jiangsu Province 

Questionnaires  384 SPSS 

Energy consumption increased with 

income increase  

The increase of electricity is faster 

than the other fuels 

Consumption per capita decreased 

with the increase of family size  

 

Prefer to use LPG because of 

convenience, comfort and clean 

Coal is also convenient but required 

additional cost 

32 

Yang J, 

Wen W, 

Feng C. 

2006 

The Suggestion on policy 

of the rural straw 

densification briquetting 

fuel shaping technology 

in china 

�  �  �  

Barriers in economy-high cost, can not 

afford 

Barriers in operation and 

management-lacking of enough labor 

and high quality service team 

Barriers in policy-incentive  

Barriers in information-lack of 

publicity and demonstration 
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33 Wang H. 2005 

Plenty of opportunities in 

the development of straw 

gasification 

�  �  �  

 

Economical condition, centered 

distribution of households, good 

planning, 

To consider market development 

�  

34 

Zhou Z., 

Chen Q., 

Wang Q. 

et al., 

2010 

Development status, 

problems and 

countermeasures of 

biomass energy industry 

in Beijing suburb 

�  �  �  

 

Problems: low density and 

complicated composition that difficult 

to utilize; lacking of technology and 

innovation; secondary pollution; 

market development; follow-up 

service system; cooperation  

 

35 

Wang D., 

Tang M., 

Ren Y., et 

al., 

2012 

Home energy carbon 

emission characteristics 

and influencing factors in 

Lijiang city 

Questionnaires  300 
SPSS regression 

analysis 

Large family size, more livestock, 

higher education are beneficial 

36 

Liu P., 

Chen K., 

Ding M. 

2013 

Forest biomass energy 

development-utilization 

situation and 

development 

countermeasures �—A 

Case Study of Jianning 

Questionnaires and 

interview 
126 �  

Active attitude but less awareness 

 

Suggestion: inspire the enthusiasm, 

give the publicity and subsidies 
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county Fujian province 

37 

Zhang H., 

Mou J, 

Yin H. 

2010 

Family Life energy 

consumption demand 

empirical analysis - based 

on double extended linear 

expenditure system 

model in forest rural  

questionnaires 3180 

Expand linear 

Expenditure 

System 

marginal propensity to consume with 

the increase of income: LPG, 

electricity, coal, straw, biogas and 

wood.�  

38 Chang X. 2009 

Linfen city Agricultural 

resources environmental 

and the investigation and 

discussion of the rural 

renewable energy 

Questionnaires, 

interview and 

panel discussion 

250 

questionnaires; 

interview in 

300 

households, 

and  

discussed 30 

times  

�  

Biogas: 60% not in use because of no 

livestock feeding (60%), poor pool 

quality (10%), no follow-up service 

(15%) and migration (10%) 

 

70% are willing to adopt biogas 

because higher price of coal (80%), 

convenient use (10%) and utilization 

in agricultural production (5%) 

 

Affordable cost in pool building: 

lower than 500 RMB (50%), 500-1000 

RMB (30%) and 1000-2000 RMB 

(15%) 

 

Suggestion: set up an agency to 

emphasis the deployment; policy, 
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training and follow-up service 

39 
Han H, 

and Wu F.
2008 

Rural renewable energy 

development present 

situation and the 

countermeasures in Baiji 

district 

�  �  �  

Lacking of awareness, simple and 

single utilization; lower technology 

level; poor service, no market 

development�  

40 Zhao C. 2007 

The experience of Rural 

energy construction in 

Mingshan district 

�  �  �  
Comprehensive utilization; pilot, 

publicity, policy  

41 

Chen Y, 

Yang G, 

Feng Y, et 

al., 

2009 
Analysis of resources of 

biogas in rural area 
�  �  �  

Favorable for biogas development: 

7-12 months with the ground 

temperature higher than 10 oC; 6 

months with high ground temperature 

with abundant solar energy resource  

 

Energy consumption per capita 

decreases with the increase of 

population, non-linear  

42 
Wang X, 

and Hu X.
2010 

Factors influencing rural 

household energy 

consumption 

questionnaires 356 SPSS 

 

Insignificant with the number of pig 

The consumption of electricity 

increased with the increase of income 

 

43 Chen S., 2009 Analysis in barriers in the  117 Binary choice Centered distribution is beneficial for 
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Zheng X. supply and demand of 

renewable energy in rural 

area 

mode the development of renewable 

energies; 

The influence of population is 

insignificant; 

The influence of governmental service 

efficiency is significant; 

House income significantly affects the 

adoption; 

More public financial investment, 

more residents participating into 

adoption group�  

44 Yang Z. 2011 

The rural renewable 

energy supply and 

demand analysis of the 

system obstacles 

�  �  

STIRPAT 

(Stochastic 

impacts by 

regression on 

population, 

affluence and 

technology) and 

regression model 

Income per capita affects the use of 

electricity significantly 

 

Biogas development can be promoted 

better among low income countries�  

45 

Nie W, 

and Yang 

H. 

2011 

Rural new energy 

development and 

utilization should be 

more simultaneously 

�  �  �  

Difficulty in biogas development: 

building engineering, treatment of 

waste, lobar, difference in knowledge 

and income, lack of money, publicity 

and awareness�  
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46 

Zhou L, 

and 

Huang J. 

2012 

The rural biogas 

construction problems 

and 

countermeasures-Longhui 

county in Hunan province 

as an example 

Questionnaires,

Interview  
120 �  

Biogas contributed 65% of residential 

energy, for cooking, bathing, and 

lighting 

 

Problems: difficulty in tap, unsteady 

gas production, the comprehensive 

utilization efficiency is low, lack of 

knowledge and awareness; investment; 

follow-up service�  

47 

Lei P, 

Miao T, 

Zhang Y, 

et al., 

2011 

Rural biogas socialized 

service supply - demand 

survey �–the tube station 

of the earthquake 

reconstruction area in 

Majin town of Shifang 

city as an example 

questionnaires 82 �  

Only 39% households used biogas for 

cooking 2-3 times/day 

 

In addition to the natural condition, the 

influence of social factors is more 

obvious 

 

Labor going out for 

work-maintenance; awareness of 

comprehensive utilization; problems in 

biogas stove 

 

48 Zhao H. 2005 
Obstacles and 

countermeasures in the 
�  �  �  

Simple construction of biogas pool 

and low quality; lack of commercial 
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development of rural 

biogas in industrialization

accessories�  

49 Sheng Y., 2010 

Studies on the factors of 

rural hosueholds' 

adoption of biogas: based 

on the huade county and 

Zhalaite district survey 

�  60 

Binary-choice 

model, Logit 

regression 

analysis 

External factor: rural culture, 

organization to deploy the new fuel; 

management system 

 

Internal factor: knowledge and attitude 

of the new technology 

 

Suggestion: publicity, for the 

organization and technical service 

team, improve education level 

 

50 
Cui Q, 

Wang C. 
2009 

Study on influencing 

factors of choosing 

renewable energy 

biogas-a case study on 

rural household biogas in 

Jiangsu Province 

Questionnaires and 

interview 
250 Probit analysis  

House income is negatively correlated 

with biogas use, the chance decreases 

19% with per 1000 RMB increase; the 

chance increases 10% with 1 more 

year education; 

the chance decreases 3.8% with 1% 

population migrating out for work; 

 

external factors: tax and subsidy, and 

technical support �  

51 Yu B. 2007 Analysis on peasant �  288 Regression House income-promote the adoption 
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household energy factor 

and policy implication on 

the popularization of new 

energy-in Nanjing city, 

Jiangsu province, for 

example 

analysis of commercial energy and reduce 

biofuels use after increase; 

Increased number of stove increased 

the consumption of corresponding 

fuels, like coal and LOG, but not for 

electricity, which is due to different 

usage; 

Size and labor positively correlated 

with energy consumption, and 

education level negatively correlated 

with biofuels consumption amount; 

Barriers in biogas utilization: not 

willing to feed pig, work outside 

without enough labor to maintenance 

the pool �  

 

52 
Zhang N, 

Xu W. 
2011 

Farmers living power 

consumption analysis - 

based on energy from the 

choice behavior 

questionnaires 360 
Treatment-effects 

model 

Electricity use increase with increased 

income; positively correlated with 

total residence time; 

The old are used to traditional solid 

fuels while the young children 

increased electricity consumption; 

The influences of education, 

household structure and layout are 
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insignificant; 

53 
Lu H, and 

Lu L. 
2006 

An empirical analysis of 

the impact of famers' 

income level on the 

household energy 

consumption structure in 

the countryside 

Questionnaires 

and panel 

discussion 

726 �  

Economic index: biogas, LPG, 

electricity 

Convenience: biomass<coal<LPG 

Comfort: LPG>electricity>biogas 

Cleanness: LPG, electricity, biogas> 

biomass 

 

High income residents prefer to use 

comfort, convenient and clean fuels, 

while low income ones consider the 

cost of fuel 

 

54 

Yang J, 

Gao M, 

Zhang, P, 

et al., 

2009 

Empirical analysis of 

influencing factors of 

technology choice about 

agriculture and rural 

energy-saving and 

emission reduction 

Questionnaire 60 Logit analysis 

Biogas: positively correlated with the 

pollution control possibility; under the 

support of government 

 

Solar energy: positively correlated 

with education level and can promote 

with subsidies �  

55 Yang Y. 2012 

Introduction to the 

construction of rural 

energy development 

machine utilization of 

�  �  �  

Problems: low participate enthusiasm, 

follow-up service, and low 

comprehensive utilization efficiency 
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biogas 

56 

Wang J, 

and Zhao 

H. 

2007 

Analysis on the 

development of rural 

renewable energy in 

China 

�  �  �  

Low utilization efficiency, cause 

pollution, simple and single 

utilization; needs to conduct scientific 

research 

57 Nie G. 2011 

Qinghai province rural 

renewable energy 

development research 

�  �  �  

Simple utilization, low technology, 

follow-up service, publicity and 

awareness�  

58 

Liu Y., 

Yang J., 

Wang H. 

2011 

Status, problems and 

countermeasures in the 

pilot of high efficient low 

emission stove in Shanxi 

province 

�  �  �  

Problems: development in briquetting 

technologies; supply of accessories, 

and investment and subsidies�  

59 Hao L. 2012 

Introduction to rural new 

energy construction in 

Jinzhong city, Shanxi 

province-the biomass 

furnace project as an 

example 

�  �  �  

Publicity, demonstration and 

management result in good 

deployment results 

 

Problems: low economic support to 

residents, lack of professional service 

team and technology innovation 

 

60 Liu J. 2007 

the mechanism design 

and policy research of 

straw briquette fuel 

Questionnaire and 

face-to-face 

interview 

�  �  

50% think the use can save time and 

fuel, benefit for health, thus willing to 

adopt 
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promotion in rural areas  

The price and supply are main 

influencing factors; influence of 

education level is not significant; the 

effects of demonstration is obvious; 

with the increase of income, the 

willing to adopt will increase 

 

61 Guo J. 2011 

Situation and 

development suggestions 

on economical firewood 

and coal stoves and 

Kangs  

�  �  �  

Most stoves are built by residents 

themselves without technical 

guideline, the market is not developed 

62 
Lou B, Xu 

J, Lv K. 
2008 

Sichuan farmers life 

energy consumption 

situation analysis 

Questionnaire 120 STATA analysis 

Influencing factors include the 

income, price of fuel, accessibility, 

size of family, livestock feeding and 

tax and subsides  

 

63 

Wu Y, 

Shen Y, 

Yan F. 

2012 

Study on rural distributed 

and renewable energy 

selection by multivariable 

regression analysis-based 

on the survey of 

Gaojiazhuang of Hebei 

Questionnaire and 

interview 
152 Logistic analysis

The relationship between adoption of 

biogas and income is a quadratic curve 

 

The use chance increased with the 

increase of education level 
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province 

64 Wu D. 2012 

The countermeasure 

research of rural new 

energy utilization 

promotion in our country

�  �  �  
Problems: awareness, technical 

support, detailed rules and regulations  

65 
Yin L. and 

Yin C.  
2012 

Promotion of straw 

gasification in a timely 

manner should be 

thinking about 

�  �  �  

Need large investments, in the pilot 

period, to establish good 

management system on gasification 

station 

66 Li C. 2012 

Ponders on promoting the 

development of our rural 

biogas 

�  �  �  

Lack of knowledge and perception, no 

enough raw material causing the 

abandon of biogas pool 

Problems in follow-up service, 

management, training and 

comprehensive utilization of both gas 

and residues 

 

67 
Fei Z.and 

Yu ZG. 
2011 

An analysis on present 

situation and 

consumption desire of 

Questionnaire and 

interview 
350 logistic analysis 

Significant factors: gender, how to 

know about the clean fuel, subsidy, 

education, and income 
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clean energy in China's 

rural area based on a 

survey of 

famer-households in six 

cities of five provinces 

68 Hao X. 1983 

Rural energy problems 

and suggestions in our 

province 

�  �  �  

No standard and measurement in pool 

building and test, heavily depending 

on personal experience 

Low pool quality leads to low gas 

production ability �  

 

69 Qiao S. 2010 

Research on the 

alternative energy in 

western poor rural areas- 

based on the 

questionnaires in 

northwest Yunnan 

Questionnaire 288 
OLS and Logit 

analysis 

Firewood consumption: location, 

house income (very small influence); 

distance to find wood (no influence- 

inflexibility) 

70 
Cai G, and 

Zhang L. 
2006 

Tibet rural energy 

consumption and 

environmental impact 

study 

�  �  �  
Increase income and reduce loan will 

promote the switch to cleaner fuels 

71 

Liang Y, 

Fan J, Sun 

W, et al., 

2012 

The influence factors of 

southwest mountainous 

rural life energy 

Questionnaire 1000 Tobit model 

Firewood consumption is positively 

with wood abundance, the distance to 

purchase other fuel, and house income, 
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consumption structure 

analysis-the Shaotong 

city, Yunnan province as 

an example 

and negatively correlated with family 

size, education level, and in 

households with labor going out for 

work, the use of biomass fuel is low; 

 

Coal: negatively correlated with 

distance to purchase coal and the price 

of coal, negatively correlated with 

electricity since areas using electricity 

are usually developed regions 

72 
Xi J, Zhao 

M, Ge Q. 
2011 

The evolution of 

household energy 

consumption model under 

the influence of rural 

tourism- Based on 

analysis of Liupan 

Mountain ecological 

tourist area of peasant 

household survey 

Questionnaire 170 �  

The increase of house income is main 

reason, and awareness is important  

 

73 

Liu J, Xie 

J, Zhang 

H, et al., 

2013 

Investigation and analyssi 

on energy consumption 

of rural township 

residences in Eastern 

Hunan 

Questionnaire 120 �  

LPG becomes popular with the 

increase of living standard, but in 

many poor areas, the use of firewood 

is common and contributed largely to 

total energy consumption; 
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Household adobe structure-72% using 

firewood; brick-wood structure-57 and 

21% using briquette and LPG; 

concrete structure-48 and 32% using 

briquette and LPG  

74 

Chen J, 

Yang L, 

Wang X. 

2006 

Difficulties and 

utilization of biogas 

energy In the new rural 

construction - a case 

study of  biogas energy 

utilization in Gongcheng 

city  Guangxi province 

�  �  �  

Biogas use affects by external factors 

like price of feed and cost in livestock 

feeding 

Problems: follow-up service, 

professional teams and purchase of 

accessories �  

75 Ma J. 2010 

The development of rural 

biogas construction ideas 

and countermeasures 

under the new situation 

�  �  �  

Experience: publicity, emphasis, 

demonstration, investment, technical 

training 

 

Problems: low adoption, follow-up 

service; market development of stove 

and accessories; low technology, low 

comprehensive utilization efficiency 

and lack of raw material  

 

76 
Li Y, Song 

Y, Nan F. 
2008 

Discussion on 

construction and operatire 
�  �  �  

Problems: low quality of gas and gas 

station, safety and financial problem�  
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mode on new type 

biomass gasification 

station 

77 

Feng Y, 

and Wang 

X. 

1996 

Surbey of rural 

household-energy 

consumption in 

Yangzhong county of 

Jiangsu Province 

Questionnaire 384 �  

Electricity is popular, especially with 

increased income; 

Biogas became less popular since 

many residents are switching to use 

LPG 

Problems in biogas development: 

investment, unsteady gas production, 

problems in tap, no raw materials 

78 
Wang X., 

and Hu X.
2008 

On factos influencing 

rural household energy 

consumption: 

examplified by Lianshui 

county in Jiangsu 

Province 

Questionnaire 300 �  

Energy consumption per capita 

negatively correlated with population 

The consumption of electricity is 

significantly correlated with income  

79 

Zhang N, 

Xu W, 

Cao P. 

2011 

A factor analysis for rural 

residential energy 

consumption: based on a 

rural household survey of 

9 provinces 

interview �  �  

The influence of income is most 

significant; 

Higher education levels, easier to 

adopt new things. The chance to use 

high quality clean fuels increased 

0.66% with 1 a education; 

The chance in concrete structure 
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household is 5.67% higher than the 

others; 

The influence of location: temperature 

and heating days. 

 

80 
Lu H, and 

Liu H. 
2006 

Energy-consuming 

structure of rural family 

with and without biogas 

disgester and developing 

tendency 

Questionnaire and 

professional 

discussion 

726 �  

Income per capita less than 4000: 

biogas if available or traditional fuels; 

those higher than 4000 prefer to use 

LPG 

81 

Zhu  L 

and Zhao 

Y. 

2012 

Analysis of methane 

emission reduction effect 

and factors on farmers' 

adoption behavior 

Questionnaire 160 Logit analysis 

The female prefer to adopt clean new 

fuels; 

The old are used to traditional fuels; 

Positive factors: livestock feeding, 

organization; awareness of 

environmental protection; 

Negative impacts of national debt, 

which means should support in forms 

of subsides and special funds 

82 Geng L. 2006 

Biogas change is not only 

the farmhouse kitchen- 

rural biogas 

industrialization 

sidelights in Yongdeng 

�  �  �  

Problems: lack of awareness and 

initiative, not suitable site to build the 

pool causing low gas production rate; 

low comprehensive utilization 

efficiency and insufficient support in 
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county management and technical service  

83 
Liu Y, and 

Jia W. 
2011 

Biogas- the effective way 

of rural new energy 

development 

�  �  �  

Large labors required in pool building 

and maintenance, more labors go out 

for work lead to the abandon of 

biogas; 

Lack of financial support and publicity 

84 

Shi J, 

Yang G, 

Guo Y, et 

al., 

2005 

China's household biogas 

technology transfer 

restriction factor analysis 

and countermeasures 

�  �  �  

Problems: incomplete development of 

market. In most cases, the adoption is 

required by the government with exact 

number  

Suggestion: technology development, 

management, awareness, labor 

resource, and management  

85 
Li K, Liu 

C., Wei Y.
2011 

China's energy poverty 

status quo analysis 
�  �  �  

It is not the prior choice to change 

household energy for low income 

families 

 

The increase of income may not 

promote the switch to cleaner 

high-quality fuels 
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86 

Wang H, 

Yang Z, 

and Geng 

YQ. 

2007 

Analysis on the influence 

factors of rural household 

biogas production in 

China 

Statistical data 

from yearbook 
�  

Regression 

analysis 

Livestock feeding-positive;  

temperature-positive;  

House income-negative;  

Demonstration and incentive-positive; 

Education level-insignificant; 

87 Xie D. 2010 

China's rural biomass 

energy development 

opportunities, adjustment 

and development strategy

�  �  �  

Problems: raw material supply, 

technology, standards, policy and 

subsides, and relatively high cost that 

residents can not afford it 

88 

Ma L, 

Zhang D, 

Liu Z, et 

al., 

2010 

Analysis of forming an 

obstacle to the 

development of solid 

biomass 

Questionnaire and 

interview 
140 �  

Problems: low income to grow food 

and thus lack of material; no 

awareness and low initiative; mainly 

and used to use coal; lack of 

awareness of environmental 

protection; lack of knowledge of new 

fuel type-about 64% did not hear about 

the fuel 

 

Barriers: supply of raw material, fuel 

consumption habits, knowledge and 

policy  

 

89 Wang H, 2007 China's rural biogas Statistical data �  Regression The influence of income is non-linear. 
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and Xin 

X. 

consumption and its 

influencing factors 

from yearbook analysis Education level-negative impact since 

it is not a new technology; 

The price of commercial 

fuels-negative 

Number of livestock-positive; 

Ground temperature-negative, this is 

because in their study the temperature 

is from the statistical yearbook which 

can not represent the real �  

90 

Wu W, 

Liu Q, Xie 

T, et al., 

2012 

The energy consumption 

demands for farmers 

surrounding the 

conservation of nature- 

based on the empirical 

analysis of Zhejiang and 

Shaanxi province 

Questionnaire 192 
Regression 

analysis 

Income-most significant; the old are 

used to non-commercial fuels;  

Large spatial difference-different 

habits and accessibility of fuels; 

With more livestock in home, the use 

of commercial fuels reduced; 

The influence of other factors like 

distance from the rural area to 

urban/county, the education level, are 

not significant 

 
 


