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Abstract: Cooking is a very decentralized and private way of energy consumption in human
activities. The existing investigation and statistical analysis can’t effectively calculate the proportion
of population relying on clean cooking fuel and utilization technology in the region. Therefore,
based on the big data of the earth, this paper adopts the combination of spatial analysis and
statistical analysis to determine the survey sample area, and according to the economic conditions,
topographic characteristics, national policies for new energy construction and living habits of the
provinces and cities under investigation, the questionnaire survey is conducted for the research area
to calculate the proportion of the regional population relying on clean cooking fuels and utilization
technologies. Taking the south of the Yangtze River in China as an example, the paper effectively
calculates that 88.25% of the population depends on clean cooking fuel and technology in this
region, of which 89.81% are in urban areas and 79.87% are in rural areas. Analysis of the survey data
shows that the proportion of the population using clean cooking fuels and technologies is related to
factors such as economic development, income and resource endowment. There is a large urban—
rural gap in terms of energy consumption tendency and structure in the south of the Yangtze River
in China and cooking energy consumption in rural households also varies from region to region.
The technical ideas and conclusions of the paper have high reference application value, which can
help promote the upgrading of clean energy utilization and provide data basis for relevant decision
and policy making.

Keywords: clean cooking fuel and utilization technology; population ratio; earth big data

1. Introduction

To promote global energy transformation, the United Nations has made SDG 7
"Affordable and Clean Energy" one of the 17 goals of the United Nations 2030 Agenda for
Sustainable Development. The main types of household energy consumption are
fuelwood, straw, coal, electricity, biomass such as leaves and grass, biogas and liquefied
petroleum gas. According to the World Bank's 'State of Global Cooking Energy' report,
the world is making slow progress towards securing access to clean cooking, a key
component of sustainable development Goal 7. By 2021, 2.8 billion people worldwide will
still be using traditional polluting fuels and technologies for cooking, costing the world
more than $2.4 trillion annually, including impacts on health ($1.4 trillion), climate ($0.2
trillion) and women ($0.8 trillion in lost productivity)[1]. A growing literature examines
household cooking energy [2-5]. Depending on the region/country studied and the
current social context, various studies have highlighted different domestic and individual
characteristics that influence cooking fuel decisions[6]. It has been found that rural
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households in India rely heavily on traditional biofuels, with more than 75% of rural
households using wood as their primary cooking fuel[7], and that factors such as income
and energy convenience influence the energy source chosen for household cooking
activities[8], and in China, the proportion of daily hours spent by residents using
electricity and natural gas for cooking activities is on the rise, with a national average of
approximately 70% in 2017[9].

Energy utilization significantly impacts the environment and climate, where non-
clean energy utilization not only emits large amounts of carbon dioxide but also produces
harmful gases such as sulfur oxides and nitrogen oxides. There are still 2.6 billion people
who use wood, charcoal, dung, and coal for cooking and heating, which leads to more
than 4 million premature deaths each year due to indoor air pollution[10]. Household
energy consumption is an important component of the country's energy demand, usually
referring to all types of energy consumed in daily life, including energy consumed for
lighting, cooking, heating, hot water, household appliances, etc.[11].Energy demand in
developing countries tends to be suppressed and there is a significant gap between urban
and rural household energy consumption[12-14]. Therefore, it is important to investigate
energy equity in developing countries to meet the basic needs of human survival and to
promote distributional equity in social progress[15]. At present, China's household energy
expenditure is significantly uneven, with urban households generally having lower
energy inequality than rural households, but along with the implementation of China's
comprehensive energy transition policy and the deepening of urban-rural integration in
recent years, the problem of household energy inequality between urban and rural areas
has improved significantly[16]. Most of China's rural household energy consumption is
mainly based on the direct combustion of traditional biomass such as straw and firewood,
which not only leads to low energy use efficiency but also leads to a large number of
environmental pollution problems[17]. The single rural energy structure and
unreasonable consumption patterns have led to a great waste of rural energy, and
although renewable energy sources such as solar energy and biogas are developing
rapidly, they account for a very low proportion of rural domestic energy consumption[18].
In addition, the energy consumption level and structure of rural households in each
region have obvious differences and regional characteristics[19], and their energy
consumption choices are influenced not only by economic factors such as household
income, fuel prices and collection costs but also by cultural factors such as cooking habits,
female migrants[20] and education levels, as well as external complex influences such as
government policies on clean energy subsidies.

There is an extensive literature examining household energy consumption in China,
with certain studies focusing only on rural or urban areas[21-23], while others consider
the overall[24-26]. At present, there are fewer quantitative studies of fixed-point surveys
at the farm household level, and mostly for Beijing, Tianjin, Hebei, Northeast, Southeast
and other regions of the actual household research data analysis of rural household living
energy consumption structure[27-29]. The existing surveys, studies and statistics on
energy types and their utilization methods only carry out statistics and analysis on energy
types, total utilization and industry distribution from a macro perspective. At present,
based on the earth's big data, such as remote sensing images, etc., regional scientific
quantitative projection is still blank.

To deeply understand the current situation of residents' energy consumption and the
use of energy structure, and to make an effective projection on regional basis by using big
earth data, this study takes the residents' use of clean cooking fuel as the research object,
and the research scope is determined for the provinces south of Yangtze River in China
Based on big earth data combined with the use of stratified random sampling method,
questionnaires are conducted for urban residents and rural residents respectively, to
understand the urban and rural residents' cooking energy consumption in production and
life, to lay the foundation for suitable energy structure adjustment in China.

2. Materials and Methods
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2.1 Study Area

The study area is located in the south of the Yangtze River in China, which is
usually south of the Qinling-Huaihe-Line, east of the East China Sea and south of the
South China Sea, and is located in the eastern monsoon region of China, roughly including
most of Jiangsu, most of Anhui, Zhejiang, Shanghai, Hubei, Hunan, Jiangxi, Fujian, most
of Yunnan, Guizhou, eastern Sichuan, Chongqing, Guangxi, Guangdong, Hainan, Hong
Kong, Macau, Taiwan, southern Shaanxi, southernmost Gansu, and the southernmost part
of Henan. Among them, Hong Kong and Macao are cities, Shaanxi, Gansu and Henan
south of the Yangtze River is a small area, so the article mainly considers Jiangsu, Anhui,
Zhejiang, Shanghai, Hubei, Hunan, Jiangxi, Fujian, Yunnan, Guizhou, Sichuan,
Chongging, Guangxi, Guangdong, Hainan, Taiwan, a total of sixteen provinces.

2.2 Data Sources

The data used in this paper mainly include the administrative district vector data,
land use data (as shown in Figure 1), " LJ1-01" nighttime light remote sensing image (as
shown in Figure 2), per capita GDP data of provinces/cities and counties, Internet data
(Internet map, place names), field survey sampling data and agricultural census data (as
shown in Table 1).
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Figure 1. Land use data (Chongqing municipality as an example)
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Figure 2. Noctilucent remote sensing image of LJ1-01 (Chongqing municipality as an example)

Table 1. Composition of households using various types of cooking and heating fuels by region in 1
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District Firewood Coal Electricity Gas Biogas Solar
Energy
Yunnan 66.3 13.1 84.0 3.7 2.3 0.6
Sichuan 63.2 2.1 58.6 37.5 2.3 0.2
Chongging 61.2 2.6 68.9 36.9 0.6 0.3
Guangxi 59.1 0.2 67.8 50.4 1.4 0.2
Hubei 50.8 3.0 58.1 60.0 1.4 0.3
Anhui 50.0 1.3 73.0 65.9 0.1 0.2
Hainan 43.4 0.3 64.8 75.5 0.7 0.1
Jiangxi 40.1 5.7 56.2 63.6 0.4 0.3
Guizhou 39.1 43.0 88.3 4.3 0.5 0.2
Hunan 36.1 14.3 64.8 58.7 0.7 0.3
Jiangsu 26.5 0.5 72.0 87.0 0.2 0.3
Guangdong 242 0.2 67.1 86.4 0.2 -
Zhejiang 20.2 0.2 69.9 95.5 0.1 0.2
Fujian 19.5 0.3 86.9 76.1 0.5 0.2
Shanghai 16.1 0.1 72.0 97.2 0.5 0.2

2.3 Technical Route and Method

Based on the big data of the earth (including administrative division vector map,
GDP, nighttime light remote sensing image, land use data, etc.), this paper uses the
methods of spatial analysis, questionnaire survey and statistical analysis, and takes
"representative province/city selection - survey sample area determination - residential
area type division - sampling point" as the main line to scientifically analyze and calculate
the proportion of the population in the south of the Yangtze River in China relying on
clean cooking fuel and technology. This paper adopts the idea of "pyramid" stratification
to project the population proportion. The technical route is shown in Figure 3.

Select representative provinces
and cities

l
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Figure 3. Technical route

2.3.1 Selection of Representative Provinces and Cities

According to the composition of farmers using various cooking and heating fuels in
various regions in 2016 (from the bulletin of the third national agricultural census), the
provinces with similar energy consumption ratios were divided into two groups. One
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province was selected for the questionnaire, and the results of the other province were
calculated according to the energy consumption ratio. This paper selects Yunnan,
Chonggqing, Anhui, Guizhou, Jiangsu, Guangdong, Fujian and Jiangxi for questionnaire
survey, and other provinces and cities are calculated by using a similar percentage of
energy consumption.

2.3.2 Estimation of Survey Sample Area Based on Multi-source Data

(1) Determine the survey sample area. Taking the district and county administrative
maps of the survey provinces and cities as units, the survey provinces and cities were
divided into four levels, namely highest, higher, medium and low, and each survey
sample area was formed according to the level range (the highest level was not included
in the sampling scope). In the survey sample areas formed by the higher, middle and
lower levels, the proportion of urban land and rural land in each survey sample area to
the whole survey province and city was counted by using GIS software. Combined with
the actual number of sampling points, the survey sample areas were determined
according to the order of the percentage.

(2) Classify the type of residential area. Based on the nighttime remote sensing data,
land use data and administrative division map, etc., the GIS software is used to obtain the
light index. Combining the rural settlements in the land use data, the urban residential
areas and rural residential areas have been classified.

(3) Select sampling points for the survey sample area. According to the GDP
classification, geographical location and other factors, the survey provinces were grouped
into N regions (as shown in Figure 5), and the number of urban raster points and rural
raster points in each group was calculated and summed, and the top three regions in terms
of urban raster points and rural raster points were selected as the survey sample areas for
the field questionnaire survey (by default, the proportion of the population using clean
cooking fuels in urban settlements is 100%). Therefore, there are 6 sample areas in each
province and city, including 3 urban areas and 3 rural areas.

(4) Count survey samples. All valid questionnaires from urban and rural survey areas
were counted, invalid questionnaires were excluded, and the proportion of residents
relying on clean cooking fuels and technologies Bi and Ci were calculated for each sample
(Bi represents the proportion of population using clean cooking fuels and technologies in
urban areas, Ci represents the proportion of population using clean cooking fuels and
technologies in rural areas, and i represents the number of samples).

(5) Estimate the population proportions of the survey provinces and cities. The
proportions Di and Ei (Di and Ei are the proportions of urban and rural residents using
clean cooking fuels and technologies after the weighted average of the samples) are the
proportions of the population relying on clean cooking energy and technologies in the
surveyed provinces and municipalities, based on the proportions Bi and Ci.

(6) Obtain the proportion of population in the region south of the Yangtze River.
Using a combination of indicators such as GDP per capita and population density, the
proportion of the population in the region south of the Yangtze River in China that relies
on clean cooking energy and technology is projected.

Take Chongging city as an example, using the GDP per capita data to classify the
districts and counties in Chongqing city, the city proper of Chongqing is eliminated
according to the nighttime light remote sensing data, as shown in Figure 4. The districts
and counties with similar geographic location and the same grade are divided into a
group, and are grouped to get the Chongging regional grouping map (Figure 5).
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Figure 4. GDP hierarchical map superimposed with nighttime light remote sensing data
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Figure 5. Regional grouping map of Chongging

2.3.3 Questionnaire Investigation

According to the economic conditions, terrain characteristics, national policies on
new energy construction and living habits of the surveyed provinces and cities, we
develop questionnaires to focus on energy accessibility and resident income levels to help
analyze the results later. Statistics on residents' intentions and needs provide ideas for the
promotion of new energy in the future. One county was randomly selected within the
survey sampling area and three sampling sites were randomly selected within the selected
county for the urban land area and three sampling sites for the rural land area to conduct
field questionnaires (by default, the percentage of the population in the urban residential
area for using clean cooking fuels was 100%).

Taking residential households as the unit and cooking energy consumption as the
core, the survey mainly covers annual household income, population, the energy
consumption of coal, electricity, gas and firewood in the cooking process and energy
policy issues. A total of 958 valid samples were obtained, including 106 questionnaires
from Jiangxi, 72 questionnaires from Guangdong, 131 questionnaires from Anhui, 128
questionnaires from Chongqing, 169 questionnaires from Yunnan, 108 questionnaires
from Guizhou, 146 questionnaires from Fujian, and 98 questionnaires from Jiangsu.

2.3.4 Sample Statistics

After completing the questionnaire survey of 8 provinces and cities, the
questionnaire of each sample area is sorted into the format of Table 2, where the figure
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represents the annual consumption amount of this energy. Use formula (1) ~ (2) to
calculate the proportion of population relying on clean cooking fuel and technology in
each sample area. The formula for calculating the proportion of clean cooking energy per
household is:
Y Cooking consumption per household relying on clean energy

1
Y. Total energy consumption per household @
The calculation formula of the population proportion of clean cooking energy in the
sample area is:

Y.(Proportion of clean energy per household - number of people in the household )

()

Total popalution

After calculating the proportion data of three cities and towns in a province and city
respectively, multiply them by their respective weights and add them, where the weight
is equal to the number of grids in the region/the number of grids in the selected three
regions, we can get the proportion of the population of the urban land in the province and
city relying on clean cooking fuel and technology. Similarly, we can get the proportion of
rural villages.

3. Results and Discussion

3.1 Calculation Result

In this paper, the use of big data of the earth and the use of weights before the sample
area calculation are added to the traditional questionnaire survey and statistical analysis
methods, so that the calculation results are not only scientific at the macro level, but also
improve the continuity at the micro level. Therefore, the survey results are more effective.
The percentage of the population using clean cooking energy and technologies in the
south of the Yangtze River in China is 88.25%, with 89.81% in urban areas and 79.87% in
rural areas.

Table 2. The questionnaire in the sample area was summarized

Coal  Electricity Straw Solar cooker Biogas liquid  population
gas
0 430 200 0 0 500 4
0 1100 0 0 0 500 3
0 0 500 0 0 480 3
0 700 0 0 0 240 3
0 350 0 0 0 24 4
0 400 150 0 90 0 5
0 180 0 0 0 60 4
0 0 0 0 0 350 4
0 400 0 0 0 1000 5
0 500 0 0 0 1200 6
0 240 0 0 0 500 4
0 500 0 0 0 600 5
0 80 0 0 0 800 5
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Figure 6. The proportion of the population using clean cooking energy and technology in the south

of the Yangtze River in China

3.2 Holistic Analysis

The results of the survey are presented in a bar chart to show the results more
directly. Figure 7 shows the histogram of the proportion of clean cooking fuels and
technologies used in each province. As can be seen, the proportion of people using clean
cooking fuels and technologies is higher in urban areas than in rural areas within the same
province.

Percentage

® Urban @ Rural

Figure 7. Survey results of 16 provinces south of Yangtze River

Figure 8 shows a graded color chart of the proportion of the population relying on
clean cooking fuels and utilization technologies in urban and rural areas south of the
Yangtze River. It can be found that in the more economically developed coastal provinces,
the proportion in urban area is significantly higher than that in the interior, so we infer
that the proportion of the population using clean cooking energy is related to various
factors such as geographic location, income and the degree of economic development of
the cities.
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Figure 8. The proportion of population dependent on clean cooking fuel and technology south of
Yangtze River: (a) Urban. (b) Rural

Since there is a phenomenon of "multiple energy sources” in household cooking
energy consumption, we first analyze the main cooking energy sources (the most
consumed energy sources in cooking activities). There are seven main types of cooking
energy sources in this survey, including coal, straw, electricity, gas (LPG, natural gas, etc.),
biogas, solar cookers, and others. The main cooking energy structure of households in the
south of Yangtze River in China was obtained by counting and calculating the
questionnaires. We found that gas and electricity are the main sources of cooking energy
in households, with the highest percentage of households using gas (46%) and electricity
(837%). 14% of households using non-clean energy sources such as coal or straw as the
main source of cooking energy. In the case of developing countries, there are still spatial
differences in household energy consumption, and the uneven and insufficient
development of energy markets profoundly affects energy equality between urban and
rural areas [30-34]. Therefore, we counted the main cooking energy sources of urban and
rural households separately and obtained the difference in energy consumption structure
between urban and rural households, as shown in Figure 9. The results show that the
proportion of gas and electricity in the cooking energy of urban and rural households is
higher than that of other energy sources, but the proportion of gas and electricity in the
cooking energy of urban households is significantly higher than that of rural households.
The housing infrastructure in urban areas is relatively complete, and most areas are
equipped with natural gas pipelines, so more urban households choose to use natural gas
for daily cooking activities than rural households. In rural areas where natural gas
pipelines are not available, liquefied petroleum gas (LPG) is the main source of cooking
energy as a convenient source of cooking energy. Electricity is used by 39% and 22% of
households in urban and rural areas respectively, and this part of daily cooking activities
includes the use of electric rice cookers and induction cookers. In rural areas, biomass
energy sources such as crop straw and firewood are more readily available, so rural
households rely more on straw than electricity for cooking activities, with 24% of this
energy use. The use rate of coal and biogas in household cooking activities is low at 1%.
In general, urban and rural households rely on clean energy sources such as gas and
electricity for cooking activities, and the improvement of the cooking energy structure in
rural households requires a further reduction in the use rate of firewood and straw.
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Figure 9. Comparison of household cooking energy structure. (a) Energy consumption structure of

rural household cooking. (b) Energy consumption structure of urban household cooking

We analyzed the energy use preference of the residents in the survey questionnaire,
as shown in Figure 10. From the figure, we found that both rural and urban residents
prefer to use electricity and solar energy for cooking. When rural residents ranked the
energy use of their lives, 57% of them gave priority to saving money, while only 10% of
them placed the use of clean energy in the first place. It can be seen that most rural
residents place more emphasis on affordability when choosing cooking energy. In
addition, some residents mentioned that there are sometimes power outages in rural
areas, during which they are unable to use appliances and thus choose to use non-clean
cooking fuels such as straw and firewood. These may be the reasons for the relatively low
percentage of the rural population relying on clean energy for cooking.

When urban residents ranked the basis of energy use, 50% of them gave priority to
saving money, but at the same time, 26% of them placed convenience in the first place,
which is 16 percentage points higher than the 10% of rural residents. Compared to rural
residents, the majority of urban residents prioritize saving money as their first
consideration, while also considering the convenience of energy use. Therefore, although
coal and gas (mainly LPG) have price advantages, urban residents tend to give preference
to clean energy such as natural gas, which is already popular in urban area as a cooking
fuel. The greater availability and ease of use of clean energy and technologies in urban
areas may be an important reason for the relatively high proportion of people relying on
clean cooking energy in towns and cities.
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Figure 10. (a) Willingness to use energy in rural areas and urban areas. (b) The first consideration

for rural and urban energy use

3.3 Analysis of rural cooking energy use

At present, rural areas in some regions of China are still dominated by traditional
energy supply, and the quality of bulk coal used in rural areas is poor, with high ash and
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sulfur content, and the clean use of modern energy needs to be further improved; the
energy consumption level has been hovering at a low level for a long time, and the gap
with urban areas is increasing, with large differences in different provinces and
regions[35], so it is necessary to further analyze the energy use in rural cooking. Statistics
on the use of various types of energy in each household in the sample provinces and cities,
as shown in Figure 11, reveal that the rural households that use gas and electricity in their
cooking activities account for the largest proportion, followed by straw.
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Figure 11. Rural household cooking energy consumption in the sample area

3.3.1 Coal

In recent years, China's energy business has achieved historical achievements from
scratch to rapid development, from "coal-based" to "clean and diversified" development.
Therefore, the proportion of using coal for cooking in each sample province is low. The
highest proportion in the survey sample area is Guizhou Province (8%), followed by
Anhui Province (6%), and the lowest is Chongqing City, with only 3%. The demand for
coal among rural residents in China shows spatial differences. On the other hand, it also
indicates that the coal consumption of rural residents in each province shows certain
regional characteristics. The difference in resource endowment may be the reason for the
large difference in cooking energy consumption between regions. From the regional
distribution of coal industry chain producers in China, the midstream producers of the
coal industry chain are mainly distributed in Shanxi, Guizhou and Inner Mongolia
regions. The availability of resources directly determines the level of demand of the
residents, and therefore Guizhou has the highest proportion of coal in rural areas for
cooking activities.

3.3.2 Electricity

For the past few years, the Chinese government has attached importance to
environmental pollution control and low-carbon development, and has increased support
for renewable energy. 100% electricity penetration has been achieved in China by the end
of 2015. Overall, the proportion of cooking with electricity (electric rice cooker, induction
cooker, etc.) has reached over 70% in all regions, but there are certain spatial differences.
The level of household income is an important influencing factor, and the questionnaire
shows that most households with an annual income of less than 50,000 yuan will not
choose electricity for daily cooking activities. Therefore, the proportion of electric energy
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consumption is higher in provinces with generally higher economic levels, such as the
more developed coastal areas of Jiangsu and Guangdong, where the proportion of using
electric energy as cooking energy is as high as 89%, while the lowest proportion of relying
on electric energy for cooking is 72% in the relatively underdeveloped western part of the
economy.

3.3.3 Straw

The pattern of straw energy consumption in China is consistent with the distribution
of crops. Due to the geographical environment and climatic conditions, the distribution of
crop straw resources in China is generally characterized by a stepped distribution of "high
in the east and low in the west, high in the north and low in the south" [36]. China's straw
resources are mainly concentrated in Northeast China, North China and the middle and
lower reaches of the Yangtze River, accounting for 20.7%, 24.6% and 22.3% of the country's
total straw resources respectively, and most of these regions belong to the key
development zones of China's straw resources[37]. Survey data show that Jiangsu, Anhui
and Jiangxi provinces, which belong to the middle and lower reaches of the Yangtze River,
have the highest proportion of using straw for cooking activities, at 35%, 32% and 30%
respectively. The average annual temperature of the middle and lower reaches of the
Yangtze River is 14-18°C, and it is an important base for grain, oil and cotton production
in China. It is also the most abundant water resource area in China, where crops can be
ripe twice a year, the area south of the Yangtze River can develop a triple cropping system
with double-season rice crops, so the amount of straw resources in the region is very large,
and local farmers are used to using straw as the main fuel to meet their cooking needs.

3.3.4 Biogas

From the results of this survey, it can be found that the proportion of using biogas
for cooking in the south of Yangtze River in China is small, except for Jiangsu which is
12%, other provinces and cities are below 5%. In the late 1950s, China vigorously
promoted biogas energy and carried out large-scale construction of biogas for rural
households, but the construction of biogas soon fell back due to the limitations of
backward technology, regional differences and sector imbalance[38]. At present, the effect
of rural biogas projects in China is not ideal. The survey results show that the utilization
rate of rural biogas digesters is about 61.4%. The main reasons include inadequate
management of biogas digesters, increased cost of building biogas digesters, low rate of
mechanization[39] and hard-to-solve faults, etc. There are many phenomena of
abandoning biogas digesters, and the enthusiasm of farmers to use biogas digesters is low.
The number of household biogas additions nationwide has been decreasing year after
year, and the number of household biogas scraps has been increasing year by year. In
2017, In 2017, more than twice as many household biogas wastes were reported nationally
as in 2016, reaching more than 1.5 million households in 2018. With a large number of
household biogas reaching its normal service life, and the impact of policies such as village
integration, ecological migration, poverty alleviation and relocation, farming structure
adjustment, and delineation of no-farming zones, the total amount of China’s biogas
production will probably continue to decrease in the next decade[40].

3.3.5 Gas

The gas in this questionnaire includes liquefied petroleum gas, natural gas, and coal
gas. In early 2021, the Central Document No. 1 on rural revitalization was officially
released. When it comes to the construction of public infrastructure in the rural areas, it
specifically mentions promoting gas to the countryside by supporting the construction of
safe and reliable rural gas storage tank stations and micro-pipeline network gas supply
systems. According to data from the China Urban and Rural Construction Statistical
Yearbook, China's rural gas penetration rate increased from 19.8% in 2013 to 28.6% in
2018, an increase of 8.8%, including a faster growth rate of 6.1% from 2016 to 2018.
However, nationally, due to economic conditions, pipeline network facilities and other
factors, the current level of rural gas development is still low, with penetration rates much
lower than those in cities and towns, and there are obvious regional differences. Jiangsu
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and Guangdong use gas for cooking are over 75%, and the energy used for cooking in
rural households in coastal areas has been electric and gasified, while Yunnan is less than
30%. According to the data, the village gas penetration rate in China was 82.28% in 2019,
among which the village gas penetration rates in Jiangsu and Guangdong were higher, at
83.28% and 63.16%, respectively, so the proportion of using gas for cooking in the region
was also higher.

4. Conclusion

Based on the big data of the Earth, this paper successfully calculates the proportion
of the population in the south of the Yangtze River relying on clean cooking fuel and
utilization technology by combining spatial analysis, questionnaire survey and statistical
analysis. As a new technical solution and its application, the relevant conclusions and
summary of the article are as follows:

(1) Firstly, this paper uses the administrative division vector data, land use data, "L]J1-
01" nighttime light remote sensing image and other big data of the earth in data selection.
Secondly, in the sampling survey, the impact of different factors on the survey area is
considered to increase the weight of the results. From the final result, the proportion of
population relying on clean cooking fuel and utilization technology in Guizhou Province
is far lower than that in Guangdong Province, which is in line with the current situation
of inter-provincial economic development. Therefore, this paper takes into account the
lack of data continuity at the micro level while using the Earth's big data to quantify
regional science, and the results are more reliable.

(2) According to the survey and calculation, the percentage of the population using
clean cooking energy and technologies in the south of the Yangtze River in China is
88.25%, with 89.81% in urban areas and 79.87% in rural areas. Based on the statistics, we
found that the proportion of people using clean cooking fuels and technologies is
generally higher in urban areas than in rural areas, as rural households prioritize
affordability when choosing cooking fuels, while urban households also consider the
convenience of energy use. The more developed the economy and the higher the per
capita income, the higher the proportion of the population using clean cooking fuels. This
suggests that the proportion of the population using clean cooking energy is related to
various factors, such as geographical location, the economic development of the city and
the income of the population.

Due to the limitation of time and data, the study area of this paper only includes the
south of the Yangtze River in China. Later, the investigation and calculation will be carried
out in the north of the Yangtze River, so as to obtain the results of the proportion of people
who rely on clean cooking fuel and utilization technology in the country, thus providing
a scientific data basis for the relevant policies and plans of China's carbon peaking and
carbon neutrality goals[31].
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