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ABSTRACT: Renewable energy dominated hydropower, wind
and solar power has achieved unprecedented development in
the past two decades. In the future, it will be the core
component of China's clean and low-carbon energy system and
the realistic choice to fulfill the carbon emission reduction
commitment. This study analyzed the development of clean
energy power generation in China and the typical practical
projects of hydropower-wind-solar complementary system.
Key problems of generation scheduling in complementary
system were summarized, i.e., how to participate in the
operation for large-scale wind and solar power plants, how to
describe  the intermittent  spatial-temporal  generation
characteristics, and how to coordinate wind and solar power
plants and hydropower plants on the long-term and short-term
operations? In view of these problems, the coordination
methods and characteristics of

complementary research works were systematically reviewed.

hydropower-wind-solar

Moreover, the technical realization process were expounded in
terms of the cluster of wind and solar power plants, the
description of cluster generation, the modeling and solution of
long-term and short-term coordination of hydropower-
wind-solar complementary system. We hope that the developed
methods can provide practical and available technical means
for actual operations of China's multi-energy complementary
projects, and help to achieve the goal of "carbon peak, carbon
neutralization™.
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Table 1 Research status of generation scheduling for hydropower-wind-solar energy complementary system
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Fig. 5 Schematic diagram of cascade energy control
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Fig. 6 Schematic diagram of flexibility regulation demand of wind and PV power generation
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In  China, renewable energy dominated by
hydropower, wind and solar power has achieved
unprecedented development in the past two decades. The
total installed capacity reached 1000 GW, which
accounts for 43% of the national installed capacity. In the
future, it will be the core component of China's clean and
low-carbon energy system and the realistic choice to
fulfill reduction commitment..
Under the goal of carbon neutralization, clean energy
especially wind and solar power generation will enter an
acceleration stage. It is expected that the total installed
capacity of hydropower, wind power, and solar power
will exceed 4000 GW, respectively, in 2050.
Correspondingly, the proportion of clean energy in
China's total installed capacity will leap from 43% now
to over 70% in 2050.

However, due to the intermittent and uncontrollable
power generation characteristics of wind power and
photovoltaic power, as well as other comprehensive
factors, the problem of new energy consumption,
especially with the rapid expansion of grid connection
scale, the risk of power abandonment brought by huge
flexibility demand, the safe and stable operation of
high-proportion clean energy system and other problems
have become more and more prominent.

This study analyzes the development of clean
energy power generation in China and the typical
practical projects of hydropower-wind-solar complem
entary system. Key problems facing operations of such
complementary systems are summarized as follows:

1) Which type participating in the operation for
large-scale wind and solar plants?

2) How the intermittent generation of wind and
solar plants is described?

3) How the operations of wind and solar power
plants as well as hydropower plants are coordinated?

In view of these problems, the coordination

the carbon emission

S1

methods and characteristics of hydropower-wind-solar
complementary research works are
reviewed.

1) The cluster of wind and solar power plants.

2) The description of cluster generation.

3) The modeling and solution of long-term and
short-term  coordination  of
complementary system.

Taking the provincial power grid and basin clean
energy base as the background, this study analyzes
long-term and short-term coordinated operations, focuses
on the cluster mode of wind and photovoltaic plants and
the description of power generation law, as well as the
modeling and solution of joint dispatching of
hydropower-wind-solar system. Moreover, the research
and development at the present stage are summarized.
Fig. 1 shows the research framework. We hope that the
developed methods can provide practical and available
technical means for actual operations of China's
multi-energy complementary projects, and help to
achieve the goal of "carbon peak, carbon neutralization".
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Fig. 1 General overview of research status



