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Tab. 1 Blue water footprint values of energy unit production in the upper and middle reaches of the Yellow River in various provinces
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e (et (met) () () (met) @« FmY)  [m(MWeh)'] [m'(MWeh) ]
1990—2008 0.900 0.700 3.000 4.500 2.500 0.200 2.405
bENES] 2009—2014 0.250 0.100 2.500 3.100 0.945 0.200 1.530
2015—2020 0.220 0.065 1.600 3.100 0.500 0.200 0.968 0.180
1990—2007 0.900 0.700 5.800 4.000 0.200 2.630
17y 2008—2014 0.250 0.100 1.300 4.000 0.200 2.272
2015—2020 0.220 0.060 1.200 0.600 0.200 1.750 0.180
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2015—2020 0.200 0.100 2.750 3.500 0.945 0.200 1.743 0.180
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Fig. 1 Time variation of energy production in the upper and middle reaches of the Yellow River from 1990 to 2020
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Tab. 2 Energy structure types of cities in the upper and middle reaches of the Yellow River %
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Fig. 2 Sangji map of changes in energy production structure types in cities in the upper and middle reaches of the Yellow River
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Fig. 3 Changes in blue water footprint time of energy production in the upper and middle reaches of the Yellow River from 1990 to 2020
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Energy production and water footprint changes
in the upper and middle reaches of the Yellow River basin

GUO Yuanyuan'?, GUO Ying’, LIU Fenggui', SHEN Yilin’, LI Kaimei'’, SHEN Yanjun’
(1. College of Geosciences, Qinghai Normal University, Xining 810008, China; 2. Center for Agricultural Resources Research, Institute of
Genetics and Developmental Biology, Chinese Academy of Sciences, Shijiazhuang 050022, China )

Abstract: In the past, China's energy consumption continued to rise, making the stability and security of energy
supply a top priority. Water resources were a limiting factor in energy production. Throughout the entire energy
production cycle, such as in mining, processing, and conversion, water was essential. The total coal resources in the
upper and middle reaches of the Yellow River accounted for 52.2% of the country's total, making it an important
energy production region. However, the self-produced water quantity of the Yellow River was insufficient and
decreasing, leading to tight competition for water resources among agriculture, energy, and ecology. The
contradiction between water supply and demand was becoming increasingly prominent, and energy production faced
a water crisis.

Based on historical energy statistical data, the changing characteristics of energy production and structure in the
upper and middle reaches of the Yellow River were analyzed. The blue water footprint of energy production was
estimated using the water footprint theory, including the blue water footprint of energy extraction and energy
processing. Additionally, the impact of energy production on water resource utilization in the river basin was
analyzed.

From 1990 to 2020, there was an overall upward trend in the total primary energy production in the upper and
middle reaches of the Yellow River. It increased from 150 million tons of standard coal to 1.71 billion tons of
standard coal. The proportion of national production increased from 13.7% to 41%, and secondary energy
production also showed an upward trend. Energy production concentration has continuously strengthened, with a
shift in focus towards upstream regions from the midstream. In the past, the energy structure has also transformed.
From 1990 to 2020, the proportion of raw coal in the energy production structure of the upper and middle reaches of
the Yellow River has shown a downward trend, while the proportion of natural gas production in primary energy
output has significantly increased. There was no significant increase in the proportion of clean energy and crude oil
in primary energy output. The spatial distribution of energy production structure in the upper and middle reaches of
the Yellow River showed a pattern of "fossil energy in the midstream, clean energy in the upstream," with a
widening range of clean energy distribution. The number of cities that primarily relied on raw coal had decreased,
and the proportion of clean energy in their energy production structures had increased. The blue water footprint of
energy production had increased significantly. It had increased from 464 million m® in 1990 to 2518 million m’ in
2010. However, due to improvements in water use efficiency, the blue water footprint per unit of fossil energy
production had decreased. At the same time, the increase in clean energy's share had also reduced the water footprint
of energy production. Therefore, despite increasing production, the blue water footprint of energy production had
slightly decreased to 2 424 million m’ in 2020.

Except for crude oil and hydropower, all other forms of energy production in the upper and middle reaches of
the Yellow River had maintained an upward trend. The growth rate of the blue water footprint of energy production

was slower than that of energy output. Compared to the blue water footprint of energy extraction, that of energy
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*804 LBHFRTARELZRPAZTAETLA


https://doi.org/10.1016/j.rser.2020.110224
https://doi.org/10.1016/j.rser.2020.110224
https://doi.org/10.1016/j.rser.2020.110224
https://doi.org/10.1016/j.rser.2020.110224
https://doi.org/10.1016/j.rser.2020.110224
https://doi.org/10.1016/j.egypro.2019.01.917
https://doi.org/10.1016/j.egypro.2019.01.917

	1 研究区概况
	2 方法与数据
	2.1 能源生产蓝水足迹核算方法
	2.2 数据来源

	3 结果与分析
	3.1 黄河上中游地区能源产量时空变化特征
	3.2 黄河上中游地区能源生产结构时空变化特征
	3.3 黄河上中游地区能源生产水足迹变化特征

	4 讨 论
	5 结 论
	参考文献

