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Tab. 4 Economic analysis in different scenarios
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Joint Optimal Operation of Small Hydropower, Photovoltaic, and Irrigation Districts in
Basin during Flood Season
ZHANG Bo', WU Xiaohua®, LU Xueliang®

(1. Pearl River Water Resources Research Institute, Pearl River Water Resources Commission, Guangzhou 510610, China; 2. Guangxi

Youjiang Water Resources Development Co., Ltd., Nanning 530029, China)

Abstract: Rural areas have abundant small hydropower resources, but due to their remote location, light electricity load, slow economic
development, and weak transmission network structure, when there is abundant rainfall during the summer flood season, and the
amount of water and electricity from small hydropower is large, the on-site consumption of electricity is insufficient during the period of
high hydropower output. In the event of a power transmission obstruction, power will be abandoned. With the promotion of the rural
revitalization strategy, irrigation projects and photovoltaic power generation in rural areas have developed rapidly. Irrigation electricity
is an important electricity load in rural areas. Under high-standard farmland planning, irrigation electricity has grown rapidly,
becoming an important regulatory resource for rural power grids. However, the current lack of coordination and optimization
mechanisms between agricultural irrigation and power grids has led to frequent safety accidents in rural power grids due to the
disorderly use of electricity for irrigation. The intermittency of photovoltaic power generation has increased the difficulty of regulating
rural power grids, leading to problems such as line overload during irrigation peak periods and voltage exceeding limits during peak

periods of small hydropower and photovoltaic power generation, when combined with disorderly electricity use for irrigation. To this
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end, this article established a rural power grid and small hydropower photovoltaic irrigation joint optimization scheduling model with
irrigation electricity load as the regulating resource. When the changes in water demand of crops in different periods during the
scheduling period are considered, corresponding irrigation plans are formulated and then combined with small hydropower and
photovoltaic power generation plans to optimize irrigation and power generation plans. This can reduce irrigation costs, improve power
generation efficiency, and ensure power grid safety. Firstly, the daily water consumption for crop growth was established based on
information such as transpiration water consumption, soil moisture, and rainfall in the irrigation area, and a mathematical model for
irrigation electricity that takes into account crop water consumption was developed. Then, mathematical models for small hydropower
generation and rural power grid structure were established, aiming to minimize the amount of abandoned water from small hydropower,
the amount of abandoned electricity from photovoltaics, and the sum of irrigation electricity costs, and the plans for small hydropower
generation and irrigation electricity in irrigation areas were optimized. A typical scenario construction method based on an adaptive K-
means++clustering algorithm was designed to address uncertain factors such as precipitation and photovoltaic output, and the impact of
uncertain factors on optimized scheduling was analyzed. The simulation results of actual examples show that the proposed method can
reduce the amount of abandoned water, abandoned light, and irrigation costs by 72%, 70%, and 22%, respectively, compared to
unordered irrigation, which has important guiding significance for practical production.

Keywords: small hydropower; photovoltaic power generation; agricultural irrigation; clustering algorithm; optimization scheduling
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