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An attribution and allocation method of synergistic benefit from joint operations of

multi-stakeholder cascade hydropower station system based on total differential method

MA Yufei', ZHONG Ping’an', XU Bin"?, LU Lu’, LI Kunpeng'
(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China;
2. Hydrology and Water Resources Department, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
3. Hydrological Bureau of YRCC, Zhengzhou 450004, Chinas
4. Nanjing Water Conservancy Planning Design Institute CO., LTD, Nanjing 210022, China)

Abstract: A fair, efficient and reasonable allocation is a mechanism guarantee of joint optimal operations
of a multi-stakeholder cascade reservoirs system. The proportional allocation method, such as single index
or comprehensive index based on reservoir storage capacity, installed capacity and annual power genera-
tion, is not able to analyze the physical mechanism of synergistic benefit and the influence of variable run-
off conditions. In view of the above shortcomings, the synergistic benefit is quantitatively decomposed by
terms according to the difference between the results under independent and joint operations model scenari-
os, and a synergistic benefit allocation model is developed in this study using the total differential equa-
tion. This model establishes the relationship between the incremental benefit and the volume of spillage dur-
ing the period, the difference in the storage during the current period and cumulated difference in storage.
The results show that the total differential method deconstructs the synergistic benefit contribution of each
reservoir during each time period and verify its physical genetic mechanism, which satisfies the basic princi-
ples of synergistic benefit allocation. Moreover, this method considers the inflow conditions, reservoir charac-
teristics, and the topological structure of the reservoirs system together, which overcomes the shortage of
the single—index allocating model, and avoids the problem of determining the weight coefficient. Compared
with the allocation method based on cooperative game models, this method only involves the calculation of
single and joint operation model results of reservoir system, it reduces computational efforts for enumerating
the synergistic benefit contribution under all coalition model scenarios. It provides a new way to solve the
synergistic benefit allocation problem of a multi-stakeholder cascade hydropower stations.

Keywords: operation of reservoir group; multi—stakeholder; synergistic benefit allocation; total differential

method; attribution analysis

(DAL 4 . A )

— 893 —



