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Tab. 1 Evaluation methods of water energy resources, wind energy resources and solar energy resources
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7 s Bt 1 1985—2014 4 ) 3 i1 . Zhai 2 3¢ F
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FEF ISIMIP2b( inter-sectoral impact model interco-
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Horp, B = BOKBETE 7 3G IR K T A =1y, 7RG M
XK RE TS 138 R F HA M X . Qin 25T Tk
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2051-—2095 4 4 V0 VL H i A6 9K H 3l i H 2 A
XFTF 1961—2012 4E3 1, 7£ RCP4.5 1% 5t T 35 1% 43
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Research progress on the impacts of climate change on water energy,
wind energy and solar energy resources in China

ZHAIRan', HU Shengkun’, LIANG Lili', TAO Fulu™, Muse yiwei',
WANG Yicheng™, XU Zhi', LI Wan', ZHOU Hong™’
(1. China Three Gorges Corporation, Beijing 101199, China; 2. China Energy Engineering Corporation Limited, Beijing 100022, China;
3. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of

Sciences, Beijing 100101, China; 4. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Water, wind, and solar energy are essential components of clean energy. Water energy resources are
widely distributed, with mature development and utilization technology and low economic cost, and they have been
widely applied and developed around the world. Wind and solar energy resources also have the characteristics of
abundant reserves, wide distribution, and no pollution. They have developed rapidly in recent years and become
essential directions for the development of renewable energy. Global climate change is one of the problems that has
huge influence on the world. Water, wind, and solar energy are directly related to climate variables such as
precipitation, temperature, wind speed, and radiation. At present, few studies comprehensively summarize and
compare the impacts of climate change on water energy resources, wind energy resources, and solar energy
resources in China.

The commonly used indicators and evaluation methods for water, wind, and solar energy resources were
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summarized. It also summarizes the impacts of climate change on these resources in the historical period and their
changes under different climate change scenarios in the future across China were also summarized.

The main evaluation indicators of water energy resources include theoretical reserves, technical exploitability,
economic exploitability, already developed and under development amount, hydropower generation, gross
hydropower potential, developed hydropower potential and river runoff. The main evaluation indicators of wind
energy resources include average wind speed, wind direction frequency, wind power density, effective hours,
turbulence intensity, wind energy content, and technical exploitability. The main evaluation indicators of solar
energy resources include abundance, stability, direct ratio, solar radiation, and sunshine duration. In summary, the
evaluation of water energy resources, wind energy resources, and solar energy resources could adopt evaluation
methods based on observation data, numerical model simulation results, satellite remote sensing products, and
reanalysis data. Water energy, wind energy, and solar energy are significantly affected by climate change. In most of
previous studies, the total amounts of water energy resources were projected to increase, and wind energy resources
and solar energy resources were projected to decrease generally, with spatial-temporal heterogeneity, in the future.
Climate change would affect the development and utilization of renewable energy, dominated by water, wind, and
solar energy.

To cope with the adverse impacts of climate change, the following three frontier topics are suggested to be
focused on in the future. First, research on the evaluation indicators of water, wind, and solar energy resources
should be further conducted to form a unified evaluation standard under the changing climate. Second, the primary
database of clean energy resources evaluation and the universal software used for resources evaluation should be
constructed to improve the digital intelligence level of the power system. Third, the accurate and comprehensive
evaluation of water energy resources, wind energy resources, and solar energy resources under the changing climate
in the future and the medium and long-term forecasting of hydropower, wind power, and solar power generation
should be further studied, which could improve the accuracy of resources evaluation and medium and long-term

forecasting.

Key words: water energy resource; wind energy resource; solar energy resource; renewable energy; resources

evaluation; climate change; "carbon peak and neutrality" target

(E#% 986 I )

shutdown when the electricity price and lift head were relatively higher. Even if the unit was turned on, the speed
was generally smaller, the amount of water was relatively less; However, when the electricity price and lift head
were relatively lower, the unit was turned on, and the speed was generally larger, and the amount of water was
relatively more. (3) The accuracy of the optimal objective values of two methods (improved PSO algorithm and
dynamic programming method) was comparable. Under three different operating load scenarios, the unit cost of
water-pumping of two methods were very close, and the absolute value of the deviation rate was not more than
0.1%.

It can be seen that the combination improvement strategy of particle swarm optimization proposed was feasible
and effective, and the solution result was satisfactory. Therefore, the combined improved particle swarm
optimization algorithm can be used as an effective method to solve the unit variable speed optimization model of
pumping station.

Key words: PSO algorithm; combination improvement strategy; single unit; variable speed optimization; dynamic

programming
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